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(57) [S*<J] 



K)9 




( 2 ) 

1 

z.iii:^WLt'r^m^m i lct^®©#^^s^t^§s. lo 
t ^^mt-r^n^m i ~ 3 o v^-rn*^ i Miriam© 

[0 0 0 1] 
[0 0 0 2] 

[0 0 0 3] ^:^L./ca<*etT*^«L.T^c-5#'^iE:s: 



^H2 0 0 3- 1 0 9 4 
2 

m om&^m it. isim^^:^ittmu&mzj:r)n 
e,n-5. xmmzmm-r^ittt>\zi-i. i^mi(t^ft\ti&.m. 

[0 0 0 4] Ld^LTS:**?). ^l<DJ:p;5:SSt^S@tt, 
Xh^<OX. MS*<S!l^Sn*S*&'i=rtTC9S^yD-Ir 

[0 0 0 5] d 5 L.fcpm^^i:cxs*$:Jis-r -5 fe© 

i: LT, #98^ 10-309457 
[0 0 0 6] ±l2i>«Jc|2«©#-«^R*SiltCJ:n«, 

7.m^n(os.t)^^^n-\zf3.^^o\z%%'t^ii. m 

[0 0 0 7] \^ii^\^fs.ifi^. jE:^«*©SlififfitL/T. 
[0 0 0 8] ifc, sj6;iis<ei»©H«cS[^ertJE;'j« 

[0 0 0 9] 

jgE:^}*^©PSfflirt)^*5$*&S^jg<^©S;^t^H^^ 



( 3 ) 

3 

* IE«6 tcffig-r -5 d t T # -5 ^«iCSlSSg*3 i i^^* 
[0 0 10] 

[0 0 11] 

[^^of^ffl^m] *^?BlcJ:ti«. ?lfttf-^B©ab^ 30 
D 7 -f J:t^ffi:'3::^P 7 w - JP*!^— Jc-T^ ^tii^ 

[0 0 12] jaaEthgs®*-5s:j£:'i=tc*5ViT 

[0 0 13] i:>-^ty^S.i]m.^<nmmm<DSH^m. 

[0 0 14] sfc. w^m-citt. !£:tit^^<D^M^zmm 
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4 

[0 0 15] ifc, *^?3T?tt, u^ik<D^'Diz, mm. 
^mm<D$>^K^-'S^M&sYmm<Dtji^^^!^^izit lt 

[0 0 16] *%5giriboT»4. <i:0*3ttH*Jc 

m«.f3.i^wim<D'p>t-mzu&n\:mm<DU&^m^^&m 

e® & $ sjS'ff r t o H<*^^^ ® ©aii^ms!©;'? 7 + 
(m^-r^) z.tizj^omi^m.Tm<Dm^u&i)^ 

e^^ft?^ ii\zi:^m.m»^^m<Dns.^i^^^^i)^-^ 

[0 0 17] ifc, RJ^ll'rtcOSSttgBCfiS^feaiSC 
\z. i)^i)-^^^^-^^(Dnyy^\z^^USMifitat>^z. 



( 4 ) 

5 

[0 0 18] t.tz, ^^^miz^^xit. ^flf^sissi 

Sg (Single Reactor) -Cff P Ct^bT^T. ZLaLfc^-S" 
jr*JViT=b, ±tH (1) »cfS«©«fiESfr**«-r-5J: 

tell— »CJ5:-5J;^lCSISL;*5:*<e>, <@-«r ©SJjcf'rtJc. 

[0 0 19] ^:5bfc^«>^ft*^ie*sfc®fflr•5»c 

mmz'hmm-vi)^. 

[0 0 2 0] sfc, ±tE^jfijg^JW^i-»c%), mwt<DRi$:s 

[0 0 2 1] *%??lC«.oT«. ^WiCRlSggCD 

>/'^*iffiiz:bT^i«Aiii^T^-5=t let -5 i 50 



#M2 0 0 3 - 1 0 9 4 
6 

[0 0 2 2] 2^^§g©#'g^SJi£:Sg$rfflVi^c:t 
\z%mm:.1i.^, 

[0 0 2 3] ffi;'3ti-Sejrt3ViT=b±l2jaSfhS 

e<i:i^im©^m*«»e.n-5.. 

[0 0 24] 

[fgEH®IIM©Jg^] £AT, *l6?9©»jg75:||J6J^iglC 

^\zmmt^i)\ z.tins.ti^^mz-D\:^x%^wt^ 

<=SBgLfcfc©TabCi, StUT, *^BJdt£ATItl»?g-r 

[0 0 2 5] *|g?g©^@a:sis:ss«. '>n.<}^^\^ 
o>w.^mn\zwsmM^nm. L&^-i'iCR^ST*^ 

&S^B©^^©H#:lt^e«:feJ:z/;^/;^«m©B^^^ 

je>, •r'<T©s^5«f*f^^-r-5 1 •3£A±© 

©iaa[*®^-r-5cit*«T?^-&'b©T*-5. /hi^L 
jc, ■r'<T©R*s#©wa*ra-fc-rsj:i*JT€r, s 
m<DiBmiz'D^. ^m-r^. 

[0 0 2 6] *-r, *%igjrfieffl-c#-5*'s*R*5ag© 



( 5 ) 

7 

[0 0 2 7] ^^m(D^'^^s.fS'mizi6\>-^xit. 
wt mm) mtmirt. m2® (mm) f&mmf'iiiz^ 

[0 0 2 8] 'Aiz. ^'gi^s^&s§»cKS■r-^)^g»©s:^s 
1= (.^M) ommz'D\,^x\t. mzmfs.^ti^-^^h<D 

(.SIT. mmm.fi^th\'-^3) m<omm\z^ .. 

mzMvxfSim^^\tmm) mizmvxii, ^mm^\z 30 

tt. -i!S!«)»CS[*SW»« 3000-30000*, S*? 

1 5 ~ 5 0mm. RlSlffi^ 2000~1000 
OmmTfUffi^nxli^. 

(0 0 2 9} *^§g»C*t>T«ia^thSB€:^eb;icVi 

ii (Ri&MRzf^Ri^'S) ^mm'^mx^^. mmm^it' 
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dtT, ±jziibT;&:s*«e?®f^ffla*«*#«c:t*t-r 

[0 0 3 01 mmm RUCK'S t^ifmms.f^ 

'St\zmmmizm~<Dmi^i&^iim^t£n, d>o, #s 

t)m^f)^n'^mzm--izf3i^^'DizB&^tix\,-^^h<D 
x$>^. 

[0 0 3 1] Z.ZX. iYmms.P&'st^i^mmRfS.'^i: 

JCII®Wlci^-oH*fe^*^«-rsibfc©tt. ff^ 

}fl^©PiSffll'feS^Jgtt©SJit-S.ife^*#fflb75:< <h 

^:^:T, H<l£ia^gS*J;t;3!f;^#tili&li#©H*fe^BH 

tim^ii^m»6^izm-\zwt&-pimys.zt^^mi'rzz.t 
tz^^h<Dx$>v. s.ijM^<om&m\zm&'^m^<om 

e,»mun».<o@ii^m.^^m~izm'^-r^T.m (#ra) 
^z.rL^<Dmmm*^\^^}^x^mt£rzs()XS>^. 
[0 0 3 2] u^. *»?gtc*3ViT. u&^mm^^m 
bfc^Rjsir t jaasthse&iaiB b;^ t 

fiK^^m^, ftttfi, ^itm, ^Ti^s. 

itTS:^ffitCMb± 2 0 %iilf'3lC*efe©*Vip. 
[0 0 3 3] ;S:43, *%§gir*5ViT, thiSIfflSJl&'i^i^ 

ttt, tha!iffis:is©t#tfa!iffls*6:©t»rifi>-rbt)iiK 

<, m^^-^. mj^-r^miMm^inzw^-r^oiz. ki^"^ 
^mm:^ii^iz±^. tfgp, T^(D 3 zr a y^nzm^h. 
■^n^n\zm£.-^miii^mmi!fimii^i)^^':ft3 v 
izitmmmzm—o^mt^m.TA. b, c?£> fasthse 
^£ mm b fesisi^ iifiSfh^e * b t \z 

mm-^m^-^mmi)^mu^2mu±<omf^m.'fxm^^ 

jc^*T-5 ©**ii« w im— t u^jioizmm^nx 
Vi«)'b©{rrJViTtt, Jin*ef^-r-5t>©-ctt;^Vi. 

[0 0 3 4] *is??©H<<ci^T<c«, -^(ommumi)^ 

siCigs-stiSUT, s.f5~\zm^i^f3i\'^TfSiiuttnxm 
0Siinxf3.^m.^ (^mmm'f, m\z7i:mitm.Tthm 

v) Ai»ffl$n-5t)©T«)-5. »^b<«, 2atJL±© 
*fc«^Stt^^<i:M«ESi[^i:©ffl*^*3-a- 

^sttja^<httj«j^^t©a*^*3-a-ic 

*JViT«, ia*fe«2a«±©^Sttfrl^i:. IS* 
[0 0 3 5] z:©Hflc^^©^^ it. ^ 



< 6 ) 

9 

fd^^tf^n^. ji©SE{bgj5«, tt«ia^**Hfl£*ii[T 
[0 0 3 6] ^^m<Dm^m^(o^-^> 

i**aj^ (H3£, <^^. iS^, S 

Tfs.^m.i'x$>tni, ^(Dm.'fmi&iz-oif^xitmzmm. 
[0 0 3 7] ±fEf&m*tm=tm\^'^xmfSL^tixfi 

[0 0 3 8] *^?gjrfflv^scit©T€r-sMlK 

2 Omm, »*b<«2~l 5mm. J;D»Sb<«3 
~ 1 0 mmO«gfflr*-5. Mmn.^<omm.i^ 1 mm*i» 

<U?><DXttf^h<:f3i\>K ttiSE^^©JS[S*<2 0 



^M2 0 0 3- 1 0 9 4 
10 

[0 0 4 0] *^?g©Mfil«i?©ffljfiJcffli»§c:i:©T 
Ti^niy-rxosmizmm^n^mmti^iimizt 

[0 0 4 1] 'A\Z. ±g2^Stt^^T«. 

thim<D:^m^iii^nxm^tsnxti^m.^mm. 
diTettT-^v^«-g-tr«, ^^±m \z:}>u<thim 

<o^iSii$tn^&i^ (H^. {i^. K«. 

ts«;a:af©igjgsi&-&tf) b 

(c^b^Jc:Tf§tt?S:«^(c^^«i 
^i^ifiS:bT;5:^'b©T$>tl«J;<, 4*{C*!lK$n^'^ 

[0 0 4 2] T?£1t*i-i|SfS:fflViTi^J^^nT;^C-5 

^t^, Rtt«, nfSft^, ^ija^^, ««;it 

ft-r-5Jit*<-c#se*v ^)tk^thxmzm'ir(Dm 

•iR<D%<Diimm^nx^r) . HMWJrll— ©fe©®A# 
*^§^;ife©i:bT. 7->tU>i^, 'f>:5'D 

[0 0 4 3] :$i%m\zm^'^^^iio:>x^^l^iS 

itm.^<Di^\z^\,^xit. ^m^n.^(omms^ 
K)mis.=&rztb-mmzm^-r^^t\tx^t£^yi!i^. a* 

l~2 0mm, »Sb<«2~16mm. J;t)»ib< 
« 3 ~ 1 2 mm©«gHT*5. TSttlS^ ©i^d« 1 m 

b<i^V^. ^ettfiii^©iaS*«2 Omm«:e;^-5 

S^5a^**i£TbT^^©?&ffl. 



( 7 ) 

11 

[0 0 4 4] ^^tt«lSf*fflVifc:^ffitt^^'<^^}^:^fe 

#-5. Hfcs^iftfi^^. m^ii> wiiKmmii^uiiizmm 

■5. 

[0 0 4 5] *%B9®Tffitt^T©®ig(cfflv^^c:^o 10 

mitmm. t.^t-t^^ v. ws, as. « 

[0 0 4 6] )k\z-^W^-^\t.. ±JEU&J:5Jciaa[thg 

K^'%t.\z'mm.m\zn-<o^w^i-if'%ik^t\-^ ^^»- 

^^S«¥i^fflO± 1 0 S6« 

<ffS L<«±4 9SjWrt{C-r*il^*Vi^o # 

*b<tt±4mf^»C-r-5Ili:*V»5. ««, CLCTfVi^H 

1^ ©^n^^ncD^acs r t H«ri^^ eft* J:r^:«f :^ 

[0 0 4 7] H<*:fri^^eft*3J:a:;ff;^#ti^B#®0ft:^^ 

[0 0 4 8] x^-vT'i. #Mtfa!lfflSi£;wicsi£;'i= 1 * 

1 U h-'U^fcO. 1 5 ~ 1 0 0 i6}>CDji^T^*t" 50 
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[0 0 4 9] 7.7-yzr2. %mm&t%m.ms.ti^^^ 

[0 0 5 0] ¥l^ffi©± 1 0 

^gineHT$)«.) . »sL<tt±4 9surtc-r«>. 
xmrn-r^. 3t«ESft©a!i««. ^i^-^—^Sifjcj; 

■5. 

[0 0 5 1] %mmmti».9i.\t.. jpj^fflo 

m^m.<Di37.^mi^\^1tmz. xn. tbo©flE:^thifc. 
[0 0 5 2] X7^y:/5. jag^n-sesrShasfflsis^cr 

oTiii^tgftth^s©^-^. ^^c©iaa^ttisi:$ 
«a-r ^ * J' si&'ffF'i »cjf n«.»at©5fe«gia5© 

[0 0 5 3] 7.5"yy6. Hfi^i&T&tfaSfflSfSl^JCS 

#thaiiffls;s«=©^«teft©¥i§ffit 

BSI^Uffifi (¥l^fit± 1 0 %4^F«3©{fl:«. »*L<«^ 
l^M±4%£Art©fi5:®) . J:D»*L<«l^i;fi[aSt? 

< »35(iE«-r^. 1 U hJl'^fct) ©^*3^ (^Jft 
^ra) **fhaill3R>KW© 1 . 0 ~ 5 0 fil©WFraS:A^lt 

T^«fr-5. iasfi-s«i©a!S^i9:sais*<s 
;S-5^T©tfiBSfflS*S«tc^^T#si; ^ lc-rs*5*lE*l 

[0 0 5 4] 7.J-y^7. ^«S)I:'3}«**JS!l^b, * 
H-a!lfflSl£:if©3fe*ejE:'3i«^©¥i^ffli-p**L'. 

s.iji^^ifi^m.mzm-'t-^n^ff^^^^mxib 

[0 0 5 5] ±l2tC0t|^f s^«*ffiT?ta. 
S^S'^iTSJtv'ff©!'^^, ISlUT^oTfeiVib. m 

A^^, jg«©^— ©a^^i^T^Effiffl-r-sfew-c^ox 



( 8 ) 
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[0 0 5 6] mz. :^^m(D±tmmmKst^'^\zm^^^ 
CO 0 5 7] 3:ne.®iasn-s®i:bT«, e(TJcf^« 

[0 0 5 8] MSttSSO^ 1 ©^'-f T'tt, 

f^<D'^mm:^\oi]z^tE\z^Wj'c^^> \/^t)ii^W}^<Dm. 
«H^a;©®sti-seT?*s (01. 2#^©;it) , 

[0 0 5 9] sfc, ±fH©vi-rn©^'-r7'fc*v^Tfe. so 
i2-s***n«, ;s:Ji&'&rt^l^©iasf^^B©^!l«w«« 

Bfc^fis^af»;&^jo*p-5viiicj;»3i«ife-r-5) ^m±-r 

19: It ^ tiT ^ t *W i L Vi. 

[0 0 6 0] «m#gi:L/Ttt, ftfetJa^H-^ 

<Dm.s.^mwz. ±.9s.yif7.iiii<DyfiBittmm.Wim. 
s-r'S>Ji<t*i-r^-5ctpc«st=$rs:itTfe<fcv^. ■ess 

SKJcia*ti-^B (taa[«iaiai5^EMffl5tt) *icA (if 

[0 0 6 1] rSfl^ft^S (ffigl«t)^t?) ©^s«. 1 
OmmJEJlT. ff*b<«6mmJWT**J:V». 1 OmrhS: 

<oE.tim^^!S]\:,iz-r^cti}^mmizrs.^, s:it^'i=rt^ 
m-^. mmmtWkm<omiSimif^±-^it^rzisf)izi so 
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5~5 Omm-CSO. iaS?i-gfi («S©t)^tf) ©^ 

^*©«ffiA^;fe# < 35^3 1> T L i 5 fztf>-V$>^. 
[0 0 6 21 jl^d^S^SlflCOViTtt, @ 1 , 

2ira^TJ;5»c, ±ffl5H3tl?1Si0343J;cX/*fettTSe 

ItT, ^e^RlEiSglOl, 201©±gBJIilKl07*3J;O:/^ 

fcttTa5iMft207jcs9:Jten;tffiSfh«Bffl©y x;i'aiii 

09, 209*ai:T, ^'t^RfgSlOl, 20mffl5«r^TM 

V^««S«©-;^©5feSSSBttH^««*-CtC±Je>T, K 

fi^thaiifiiBs-c©fi$ic-rs©*«»*bvi. 4" 

P^W« 115, 215©*^SjS;ggl01, 201©«^ 

«, 4'Wlf«2l5 J; »?T«!i©ias*tha!i-r •&«■&«, s 

jS;a§201©T(BJ*^^»SI'g22lS:ifAb (0 2#M©vl 
i:) , tfF^WKllSJcOifiilCjaS^rthSa-r^^i^ta, 

si&sgioi©±<B!id^e.«is«i2i*ifAL mimm<Dz. 
t) , ^n-€'n'*ira'if«ii5, 2i5©jfi^fii-c-c*s 

1, 201©Prt»ctt, KiBLfci-^Jc, Xll«J«MT«, 
— «WIC3 0 0 0~3 0 0 0 0*©SlE:'if (0®±, ffl 

©^•^©i>7S< tfe l**itf®J«S*tv'i=102, 202-C*n 
«J:Vi {«l«i^T#tha!lffiS^£:«l04, 204i:7S:^*^, 0 
H±, mnSflsUfc. ) **, »*b<«ife:{*:©S*S1fS:© 

0. 0 5~2%. ±OJfSt<«^#:©;EJl&'i=©:©0. 
l~l%©tf-a!lfflS*£;t=$r, EJf£;SSIiF>g©Rl&«m:^l* 
©MffiiJ-^^ & J: 0 iE« Jcmgf ^ CI A^T?^ « i 5 tC, 

[0 0 6 3] ifc, ±ffi^«liCOjaSth^BlC*JViT, 

01, 2ir55-r J;5»r, tha!lMSJ£:«i02, 202 
<n«swiii. 211) rtgB»-yx;no9, 2Q9jei^e.jasn- 

Sfil21, 221*«fra'if«115, 215ST?An, SSSIStii 
-r-5J:ilcJ;0, ShS!lfflR;S:^102, 202F^©'gtti^:^rS] 
ICtaSfi-^Bl21, 221 & SieEtC»i!)-r-5 t d^T^^ 
©-cab-5. 

[0 0 6 4] ;&::J3, Hffi^©iasti-ilB-e«, ±ffiyX 

[0 0 6 5] ^fc, ±ta©vi-rn©^''f y©?s^ft-^« 



( 9 ) 

IS 

^jcsf&i^ (t.tz^tum'S) i^©«ii^irsitj^® 10 
[0 0 6 61 u^. iiatha'jfflSfSWf^icifff^nTVi 

[0 0 6 7] 3i^d^^sn±«e)^©tbTJS, ^izum^ 

Wm;iS:«lifiT. Tube (SlSflfS^tttftS'ff) I'l^ra 

TubertSJ:O^^V^««325 (03 20 
(b) #Sg©;it) ^+*S««327 (H3 (c) #Bg 

(Dtlt) CDSA\ ?aSthSE321®tti^fc?tbTiiit?^ 

^'i=JC5lD#ttfc««l«04 (ai . (b) t:0m<OZ. 

t) $>^\^^itmm.mmm<Dm^m^<D^m.mzMVt 

fcfc*b. 'ekm'S'S:m^^^^i:is.<s.wt^u\zmn± 30 
■f*»t^ii'&jctt, s3ir*ri:^i-> ^n^n®isi#is 

iflc^UT, jaSthSe©tlii^l'MbT^it7S;^|S]lci 

^^\zmei:>j\^<^mm^'^mum^tLTh^\'^. 

7S:i^ifii:bTt>J;Vi« 
[0 0 6 8] $e.t-E4IC^TJ:^C. jS^ffhSiS (0 

^-a-T) ^et^ (}fx) bfc«S'S4ii<^H<^;Ki^^F*j5fe 

[0 0 6 9] *rc> EE:'3tfg@(4. ±ISiaSt1-Sgi:[^ 
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•ri^»'ffi*tH23. 223«l9:eb. H«cS[^®rtOffi^ 

[0 0 7 0] (^$') Ti/U^P^^sJcrx 

[0 0 7 1] iik-r\z. ^%m<D (^^) 7^u;PSE*3J: 
2o©^'\'>A-«r}^fiKb. «-5^^>/W5£i:bT^i«*i 

# S J; 5 (C b T ;S -5 S 4^ V ^ ^ €: fi'd »' i 

[0 0 7 2] #-'t^R)i£;S§©JIBrt«, 01^0 2lC5^f 
J:pir. jgiK« ('frai'^) izJit)ti:Wbtirz2^(D^ 

{m'¥m&m\z$>^'pm'sm mmm T±T»c{i:«je. 

*EK-&-rtc, #5'^>/'?*^ffi51:bTJ^J«dittMT#-5 

[0 0 7 3] ^RjJ^'tfir^^'i'Sili, Jra^. i^mzJi^ 
j:i*<»ibVi. 

[0 0 7 4] ^^>A-A, Blr«, ^E-n-en^<««:« 

[0 0 7 5] s->sj£;'B=tr«, RUb.Bmzf^cxMmm'f- 
^-mm&msm^t vxr^*} )m^9ii&r^ \z 

|^#ic, T8SflJtt«fe^tr-:3V>T*>4*»riWliStt:^<, - 
eeS5«^ffiK<t;ffil'i 0 ±«tffl!lT#e.n^^i: bXT 

m&-r^f:iit>iz~iamzm^>btix\,'^^mitm.mn^^ 

[0 0 7 6] ±S5t{l!ltti«^TtbT«> ±aibfcJ:-57S 



( 10 ) 
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CO 0 7 7] ?S*5, ±«Efi!lMJSE^^^i3J;crF«tfi[|MJSE 
[0 0 7 8] ««S[TOJ^«lCOViTfe#lCl8^ 

[0 0 7 9] MiKm^Ja:i:©@^lf^^'&^«t-^ttr»C, 

[0 0 8 0] B9'^>A--««©TSeiC^gtt 
B^r ©iSSA^Ag^A- w^— J;!? 

mmim.^mitiiBLiiBm\zmm-r^ ^ t tf3.^mmzvx 

[0 0 8 2] ^Sttte^® (4^^®) ©f^ffl^gg©— 



18 



^mit^SLi'm cpmm) ±i2©j:57a:fpffl«»fiM«r+ 

[0 0 8 3] LfeA^oT, cpmm) «± 

«tffl!i»i«^^ sd^ e> (OKsis^Ts ^Tm.mmmL=fm \zm 

tt«E«l[^S©ai □gl5©)ll5t«^i'*5 J;t^T8Kfi!l««^TS 
10 ©APgl5©Mj«^^*itt)tC't'W1=S (jSiKS) d^e© 
l^i^S*IIKWlrSit75:t^J:5lCB2fi-r-5. l3.io. jgJS 

[0 0 8 4] A#:W1C«, ^Sttia^e ©S 

^FSttia^e (+fas) i)^ib-fm.mf6jm.Tm\z 

tMiSTSK-rs^ir. (s»ja^pjaffi+ 1 5 10 ^jlt^: 
[0 0 8 5] TFsi^St^s <D^<Dv^mmm 
s*5:«/x4'tc#*n^^M*^> 0!iA«7i>u;i'K©Mia 

t LT©^ 1^7 t'©iism'^<^?5: i*©ft«f 

lcJ;^ffi;^lt^©l»±©S*Mt, c:ne.^M«i*m^T 
85fflltt«i&-?BlCA0, •?-©Mj«tttg©^{t;SrB5ih-r§ 
z.<Dr^mmm<r>^<r>1i.}!b\z\t. ^FfifttStTS 

(4"^^) ©^Re^^&ffi<-rn«=tvi*^ sso{£<-r 

T. ^fiJttlScTS ©^Wi**, a*4 0~9 

9. 5%, »*L<«4 5~9 9S6t-r-5. SB^ 
^f»* (96) = { (X-Y) /X) X 1 0 OTf 

[0 0 8 6] x«, ^f^SttiKt^s (>fWlg) © 

m^mt\t. m7L\i^)yif<Dm'^\z\t..^<o'¥^^fSi 

[0 0 8 7] ±t23!l«^*M 0 S6*SI©«^lCWm:'J« 

40 ^t^±^<UKl. —5^, 9 9. 5%$r*Sx.-5tTStt:fe 

1-m -e©^Mi^©«ffi*itg©<aTti:'bics: 

[0 0 8 8] ^it. ±.u-^mmsL=f-m (tsbs) a, 
Vr-n7.(D^m(Drzmz±.m.mm.mm.f-m(Dxamzmx 

•t^^tX. ^^S^<DUm(D\Pi±.\Z-^fS.ii^:&Z.tiS^ib0 
[0 0 8 9] K(5.<r>m.n-i37.\t. JSJSii©T8S75»e.«*& 

x&Sie§g±gB*^epaj-r^. s:j;S;^;?>©«i&;^fe«. 

50 Mj«gt^^ti:©@{^mT©^*«iJ^«r^Mt-SC:i:-t?; 
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10 0 9 0} ^■v>>'\*— AT«. Ri^?smm<D9vmiz^ 
CO 0 9 1] ^^>n—B^z:^\f^xh> '^^>n—At 20 

[0 0 9 2] *|gqaT^ffiL^-5^i«<tbT«. 

[0 0 9 3] z.<DJ:oiii0^^s:ji^wt. mtmswut 

t -zT^f J -)V^iiZf-)f^=^)V- t -:/^;px— 5^ 
©Mjgicj(f*b<. mz (^^) 7i>u;uSE*sirK/* 

[0 0 9 4] *^?9T7'ntf^>-&W:tfX$:=:©ftM^ 
itSK-fb UT 7 ^ a >*»ig-r-5 IC-iKWlCiSM s n 

^itmzjir) ±mm\zi.-oxni^ti^±tLX7i' o 
« i;-/isMicffl v> e.n«K{bttaia^*« v^2> t 
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[0 0 9 5] ±St«ltt»0!£[7(9fSjfi(:ffiV%^n€>M£|;^ 

nthXtt. -USiCMoa-B i b-Fec-Ad-B 
e-Cf-Dg-Ox (^4", Mo, BU F e li-ttl 

m. 0«K*S:«b, a, b, c, d, e, f. g^J; 
Zfxti. -tn-^nMo, Bi, Fe, A, B. C, 
XUOCOm^it^^V. a=l 2iiLrzt^, b = 0. 

1~10. c = 0. 1~10. d = 2~20, e = 0. 

001~5, f = 0~5, g = 0~30T*D> x«# 

7c«©K{b«iicj:03e*-5fifr*«) T*3n-5t>© 

[0 0 9 6] ^fc, TiiSfi!lftlll«^^©SijfiJCfflVie,n-5 
ntmtntVXlt. — leSCMoa-Vb-Wc-Cud 
-Ae-Bf-Cg-Ox (SCtf, M o tt^: U ::/-7^>, 

b. a. b. c. d, e, g:teJ;Utx«, -^-tl^n 
Mo, V, W, Cu. A, B> C:teJ;r/0©^^ifc«:* 
b, a=12i:bfci:^v b = 2~14, c = 0~l 
2, d=0. 1~5, e = 0~5, f = 0~5, g=0 
~2 0T$>t), x«#jcm©KYbtt^f::J;0^*-5ilBTr 

^^^7 ij ]m^%^m-^\z^m-t^msm.=i'ii bT«. 
^gi^s^3^fx*^fflK^bK^&bT^ D w >*s£3fi-r^ 

<, r.^m^mm.^mitmziiKi±.mm\z^^x%^n 

?>±i:\^X/.^i7al'-f> *-S-trKi£: j5f ;^ «^«Kfb b 
fbttiK^T * ffl V ^ ^ ^1 <!: Ai-e # ^ . 

[0 0 9 8] ^flrwicti, ±mmMmiSL^<Dmmizm^^ 

i=,n^mm^ntVX, — j|SSMoa-Wb-B i c- 
Fed-Ae-B f - C g - D h - O x -C^^tl-S fcO 

*wsbv^ (sc^". Mo. w. B i {j-t-n^'n^ u 
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V. A\t=.yir)\^^^Zf/^1t\t:3/VVht:$(V. Bit 

e.3S:-5» J; 5 m\tmt.^n. < 1 1 1 a® 

TC^Sr^L., D«->U:3>. 7;P5-';7A, J-^~^h. 

c> d, e, f. g, h*JJ;l^xtt. ^tl-etlMo. 

W, Bi, Fe. A, B. C. D43i;7/OCOMTSc^* 10 

a=12^Lfei:#, b = 0~10. c = 0. 1~ 
10, d = 0. 1~20. e = 2~20, f = 0. 00 
1~10, g = 0~4, h=0~3 0, *3J:r^xttfi-'<r 
CD7ClgC0S<b«^lrJ;cT«*«)«:ffi«:iS. ) -CSS 

n s CD *i t? ^ ^ . 

[0 0 9 9] Sfc, TSSfi!iMa«iT©ffiifiJ-fflv^&n^ 
■r-5 ia*fc«2aii^±oK{t;<feMiK*f!|stT$.nt^, ^ 

a- Pb-Ac-Bd-Ce-Df-OxT^SnS 

A, T>:^>, XX, ffi, MiS, 

/l7v"^A, a>?':>A:feJ;Z/7^;i';i'd^e.;a:-&lfo^d^e. 

nfe'>7S< laoTc^^Sb, D«7;i'*u^jg> 30 

TJW;!? U±IS^M*J:y^^' U ^7 A!6->e.;fS:SSf©4'd'>?)a 
\-S.t\.1ii^ts.< t-b ia©7C^*«b, 0«K5SS:«r. 
Sfc. a, b, c, d, e, f :te JcC/x «"€-n-?nM 
o, P, A, B> C, D*5J;yfOOf^^JtSr«b, a = 
12iH^bfcB#. b=0. 5~4. c = 0~5. d = 
0~3, e = 0~4, f = 0. 0 l~4*J;t^xtt$'<r 

[0 10 0] MiSEja^CJ^^JC-^ViTfe^JClS^ 

[0 10 11 :/DtfV'>^-f y:/5^i^>cc)iJ-^!RK*tc 
7.4'0DyntfU'>sagtt3~i 5^«%, rfuMvyxz. 

•5iJ-^=KK^<0tt;«l~3-C«>0, * 
[0 10 2] i)-^«SE^©«it&il)iibT«3g^*«Wf<J»C 50 
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s*fi;ms«2 5 o'c~4 5 ot:, siSJE:^tt* 

ffi*^e.5^jE, ^WiiffiS 0 0~3 0 0 0 h-' (ST 
P) ©«gHTff5ctdt»*bv». 

[0 10 3] Sfc, -f y:/5^P>©^ffl^®«<t;SJ5£:© 
J^!|Sf:^/7.4'(C-1'Vy5^lx>5g^Jil~l 0§ 

'ryy5"p>jc?tr-5^^^«K^ojgm«3~2 
o^axT*o, *i8e»*o~6 o§s%. aott^ 

5 0~4 5 O-C, RjSJI:/3««ffi*^S 5^flE, ^raj^ft 
360~5 0 0 0h ' (STP) CDteH-Cfr^Ct****? 
SbV^. 

[0 104] u;i'S*^*!£s-a--&fc«e>Jc± 
wssL^cmfms^^f- r^mmmm.=r) *s*s«rt©if^ 

ja*) ioo~3 8ot:. iif*b<tti 5 o~3 5 ot; 

*J:af^W3S«3 0 0~5 0 0 0 h r ' (STP) T?« 
^«bfc^ 1 O^WSSiSSl^lCT, ±3BTi7 0k-f > 

©W^SBro&Wfc^* bfcm 2 ©^t=^SJ^;i§rt J'T, 

il's©#ti(i&:<fXtbT, -hlET^aU-f >-^W:<fXJr, 
jJJ'SJc^rxbT. 2;;*:^^, 2:;^cK5fiSfcH*^^SrjSlra 
bT^-S>il-&;^/x*fflViT=bJ:Vi. ^®|g?®RjS;#&#»c 
■^tiTfe, -hfe5^-fr>>''?BT®s*s;^<^a:i^i;teSiTfT 

[0 10 5] ^fc, ^^'^^•;;i'^*^j«$ii-sfc«e>{c^: 

$s^£;i§rto1=ms^5o#«^c^*bfc5^•\'> 

^liT.-^. S*&ra« (SJ^:g§l^j«iam) 1 0 0-3 8 0 
■C, »*b<«l 5 0-3 5 0'C;feJ;O:^rai**3 0 0 
-SOOOhr-' (STP) T^iS&b, TfftlBflS^SS-a- 

^^*S;&Sil^cD'gma5©#'i=lC3fc«b:t^ 1 cD^WiC 

«bfcm2 0#1fSCS*SS§rt»rT, ^:^i7y;i.gE®4j« 

bx, l.%L:f^9i;uv-{>'^^i37.\L. jiJ-SCj^bT, 
2;*:^^, 2i*:S?lSS;t«*l!^^*jiJabT;&:«il-a-;*? 

5" V >ABT®SJiS^ft tl^ blSffl-efr^ i:*i-t?^ 
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(0 10 6] &s±ifi, *fS?8© Ti/ ^JJVm^J: 

[0 10 7] ^^llCD^lf^SiSiSSIBViT, 
[0 10 8] 

CO 1 0 9] streffl®«j«ia^c53aifiM 
— >>A 10 0kg, n'79>if::^'r>Jit7y'^=-K?i=> 
fc, z.<Dmzm\z}m:nn)v hes. 7kg*ioou so 

-/ h JUCDIJEtKIC, Jggflg-iS 1 9 k g ?& 3 0 'J H JP® 
SB^b*;^v7.2 7. 5 kg*iB5HK6 U 5/ b^U 

SJn]^fcii!67}c3 0 u h;nc^^$*fc«, S-g-bXi! 

U*y;V'@5Sl4. 2 kg*J:Z/JHS?;^U^AO. 2 9 
k g * 1 5 U y h;K^i!it*lcjaf«bfcJlP«e*Jn;lfc. ^1 

itm. #e.nfc*»<I^S:itS5mm± 1 0 

%XRacDii5$ 7mm± 1 0 %©Rtt«JCfi£Sb, 4 6 

o*c-r6WPW^^8gaTi^«bT, wsffl<o««Eja^* 40 

\t.. Mo, , B i , F e, Co, N i , Wo., S i , Ko.oi 

[0 110] '^^m<DmmL=f-om.^m 
MzKs 0 0 u h;i'S:JoSSi. ai$u;S:*<e.^:U^7^>^ 

C^A 10 0kg, /'?^5'>i':^T->K7">^:— 
'^A12. 7 kg*J:l^><^'>''«:^^^>S^7>^:->^7A2 
7. 6 k g^^Jin • giJlcffiS^ 
2 0. 5 kg*3J:t^HBE<bT>9'^>l. 4kg^ii!|* 50 



5 OUy h;HcS5jlHlUfc«?«:10^/5:. Z.<om^n 
JC}^5mm±l 0?6<7)->UJ!7-7;i'5^fiflr^^ 3 5 

Okgsun;^, jii?56«£HS-e-Tttfifc£»*a(*^icai^$ 

«, Mo,,V,.oW,.o Cu,.,Sb,.,t?*o;/i. 

[0 111] ^psttSt?^ 
mm. iSS6mm±0. 5mm©SUSSJ7->hU 

[0112] mmm 1 

5 0 0mm, (^S2 5 mm©#?«5^S©S:iS:^S:W 
[0 113] SCSI'S 1 4*»*i|M-^§<i: 

<o^ti^n^^\z>h^\^vt:.. um.wc^m.ou^^K^'^ 

[0 1 14] (^RlS'gNo. 1~3) S^eWJC, /hiJ-Vt 
/mi n-e®®l.fclS©ff;^«^«:a!l«bfc. if^WT. 

]E:'jJa**JB!l«b:fe, 

[0 1 15] (SJS'ffNo. 4) ^l-fl 1 mmOiaStHC 
SftlclgBb, MJiSlflcTSBd^SS 0 OmmO^aaiClS: 

RJi&WNo. l~3©^l%®Slc;5:-5J;^lc, 
5(E«^Pfl*SlS1fN o . 1 ~ 3 ©jfc«Wfl©JFl%fii[ J; 0 

^ 1 iCS^r. JE:*«^tt, R^SIf N o . 1 ~ 3 ©ipi^ffi 

[0 116] iKfS-) :k\z. Kmmiio. 1~4CC»V^ 

12. 6^*:«%, tK^^IO. 0 ^^70.4 
fei^lC^LT^^jSa^^M 6 0 0 h r" tfi^^o\zm. 
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o. l~3i:No. 4CDyDhf^>S*S*, Ti^UJUSS 

(01 18] ^mm 2 

Sn±«6#e©»-5^1-S4mm, F«g|E3mm, 2 9 
0 0 mm (S.lS''ST^it}^^<D&cS) ©^Slf^&TgC*^?) 
SiSlfNo. SJCifWb, ■€-©«S1f©'fJr^1.S&lmm 

si&'ffN o . 1 ~ 3 (D^mf^m<DW-i^mj^ o %:kmizm. 

<-r^Z.tlZJir). SiiiSl^No. 1 ~ 3 cojE;^«^co¥ 

«T^fc. 1 <?:I^«©S[*£:*fT5 Tt2« 1 Ic 

5^-rJ:^lc, SIJfifiBlltfa^l^^mwSl&i^*, 

[0 119] itisSimi 

o. i~3CD^«tP#W©¥i^fitJ;0'bS< b, SJ«:eN 

o. ir^3(Dm^mmm^s.tjm^<D^^mmii^!i^'SN 20 

RfS^rfTofe, Tt2«nc*f J;plcjBE;^a*, MiK:& 

[0 12 0] m^mms 

Rf^'^No. TT^SI'^^VSSr 1 Omm, rtS^^Gm 
lfi«q2 i:ra«Hr^«Eb, SiiS*fT-s./t. TI2«Hr^-r 

^o\zmmm2 iimmm<DE.t)m^. sus-t^m. mm 30 

[0 12 1] it1gim2 
S.f^'^No. 8-cmmW<^irm^ 1 2 mm, rtft^r 1 1 

MiftiKtTMias, yDtn^>Rf£:^v Ti7V)mmjiim 

[0122] HJfi^si 4 

mmm2 tmm\z^mi^> Km^n-oHi, tie* 
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^mm2 }immisk<o^sii\zi3.-oitifi. m 

CO 1 2 3] I^Jfi^dS 
g^^N o . 10 •t?lgn±Je>#S®*«^1-S 1 mmCDia 

&m^Kf^'^y^ti-^ib-^\ttS.<. ±95*^5. 2 2 0 0mm 

\zwLm.htziKn\t. nmm\.<r>s.^m^o. Atmmz 
[0 12 4] nmme 

tgn±**©©*«^ffi4mm. rtSSmm, g$ 3 0 

0 5mm (gj;^1=±^d'>e,CDS$) ©«SIW$:gi«;lfN 
o. 1 1 lC±gg*^e,Jf'^L,, ^cr>«S'g©4'Jc^1-Slm 
mcoiaSH-^^SL, ^SM«iK[^©^«BtWS:S< L 

12^ 1 »c^-r J: 5 ic, HJfifiai 5 iimtrnmoKHS'l^m. 

mmm.'TMMmzu^-ft. 
[0 12 5] itigima 

sisifN o . 1 2 T, «i^tta«iT®3t*i^ra*® < u 
yptfi^^sis*, Ti/^}}mm^mth\z. nm 

msizitVXT^XfS.Kii'Dni. 

[0126] ^mm 7 

SiSWN o . 13 •r«SI'i^Oi1>S<& 1 0 mm, rtS^ 9 
^JS^6 tl^^lc^^b, glS^frofc. TfBSUc^ 

[0 12 7] ttus^mA 

Kl^WN o . 14 -e^S'^CD^tSS: 1 2 mm, rt^iSr 1 
Immtb, ^SM*«^?cc>5fe*^Pfl^ft< bfc«n 

fg;^. Ti7V}uwtm^mth\z. nmmsizitbx-r^ 

[0 12 8] 

[«i] 
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Cf«X*D, S3 (c) Tub elegit) «^Vi+ 

[0 4] ^%mizm^^'§^R^mzi5\^^x. s^mm 
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(57) A shell-and tube reactor including at least one 
reaction tube with a measuring means, substantially 
same solid particles being filled in the reaction tubes 
with or without the measuring means, a length of the 
filled solid particle layer, and a pressure drop thereof 
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ly. By measuring the temperature of the catalyst particle 
layer, such a temperature as a representative can be 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention: 

[0001] The present invention relates to a shell-and-tube heat exchanger type reactor filled with solid particles, and 
a method for producing (meth)acrylic acid and/or (meth)acrolein with the reactor. 

10 Description of Related Art: 

[00021 Exothermic reactions such as an oxidation reaction In an Industrial scale are perfomned with shelhand-tube 
reactore filled with catalyst and inert particles. Here, a heat medium exists among the reaction tubes In the shell. Such 
a reactor is used In the field of chemical industry for example methods for producing phthalic anhydride from o-xy!ene, 

15 acrolein and/or acrylic acid from propylene or propane, and methacrolein and/or methacryllc acid from Isobutylene. 
[0003J Any evaluation of conditions of the shell-and-tube reactor filled with catalyst particles, the selectivity and 
conversion of the prescribed products Is affected remarkably by the temperature along the reaction tubes. This tem- 
perature profile along the axis is measured with themiometers. The themnometer Is Inserted Into the reaction tube in 
the case of fixing the thermometer itself at a prescribed point, on the other hand, a protective tube for the thennometer 

20 Is usually in advance inserted into the reaction tube and then the thennometer is Inserted into the protective tube in 
the case of measuring the temperature profile while moving the thermometer along the axis. 

[0004] However such a thennometer has a drawback that the thennometer occupies a certain volume in the reaction 
tube hence a pressure profile along the axis is generally affected, and accordingly behavior for the pressure drop of 
the reaction tube in which the thennometer Is placed is allowed to change. In the meantime, it is Important for temper- 
as ature measurement to be conducted at a representative reaction tube or more. The reaction process in the reaction 
tube with thennometers is required to be coincide with the reaction process of the reaction tubes without thennometers. 
[0005] JP-A-1 0-309457 describes, in order to fulfill such a problem and requirement, a shell-and-tube reactor Includ- 
ing at least two same reaction tubes filed with solid partteles and at least one reaction tube has a thennometer wherein 
both the ratio of the solid particle weight to free cross sectional area, per each reaction tube, and the pressure drops 
30 measured by means of inert a gas which is laterally introduced in proportion to the free cross section are coincidental, 
respectively, in the whole reaction tube. . , *u 

[0006] In accordance with the above reactor, when the reaction tubes are filled In such a way that the ratio of the 
solid particle weight to the free sectional area and the pressure drop at the supplying a gas to the filled layer are 
coincidental, respectively, the temperature can be accurately measured even In the reaction tube in which the ther- 
35 mometer is inserted. 

[0007] However, several kinds of solid particles with different particle sizes are necessary so as to fill the reaction 
tubes with smaller particles than the solid particles filled, for controlling the pressure drop. 

[0008] Though sequential changes of pressure drops at solid particle layers In operations Is very valuable for obtain 
the conditions of solid particles, the same problem as the thennometer is in the case of setting pressure measuring 
40 devices into the reaction tubes. 

SUIVIMARY OF THE INVENTION 

[0009] An object of the present invention to provide a shell-and-tube reactor with reaction tubes equipped with or 
45 without a thennometer and/or a pressure measuring device (hereinafter it is simply referred to as "measuring means"), 
which are capable of accurately grasping the temperature and pressure of the solid particle layer for the whole reaction 
tube by means of measuring the temperature and pressure of the solid particle layer in the reaction tube In which the 
measuring means is equipped, and a method for producing (meth)acrylic acid and/or (meth)acrolein with the above 
shell-and-tube reactor. 

50 [0010] In view of the above problems, we have diligently investigated shell-and-tube reactors wherein a measunng 
means is equipped in at least one reaction tube, and a method for producing (meth) acrylic acid and/or (meth) acrolein 
with the above shell-and-tube reactor. As a result, we have found that temperature or pressure measurement can be 
perfomned in at least one reaction tube as the representative for the whole reaction tube by preparing substantially the 
same solid particles for reaction tubes with or without measuring means, changing the filling time for the reaction tubes 

55 with or without the measuring means in such a way that the filled length of the solid particle In each reaction tube is 
coincidental, and controlling the pressure drop of the solid particle layer in supplying the gas in each reaction tube to 
be substantially coincidental. The present invention has been achieved. 

[0011] The present invention relates to a shell-and-tube reactor having a measuring means equipped in at least one 
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reaction tube, f n which substantially the same solid particles are filled in the reaction tubes with or without the measuring 
means, the solid particle layer length in each reaction tube and pressure drop of the solid particle layer in supplying a 
gas are substantially coincidental, respectively. 

[0012] Further, the present Invention relates to a method for producing (meth) acrylic acid and/or (meth) acrolein 
5 with the above shell-and-tube reactor. 

[001 3] In accordance with the present reactor, it can measure the temperature and pressure drop of the solid particle 
layer accurately. 

[0014] In accordance with the present reactor, it does not need smaller solid particles for controlling the pressure 
drop so as to cut the filling time. 
10 [0015] In accordance with the present method, high conversion and selectivity to the ol^jective products can be 
attained. 

[0016] The above and other objects, features and advantages of the present invention will become clear from the 
following description of the preferred embodiments. 

15 BRIEF DESCRIPTION OF DRAWINGS 

[0017] The accompanying drawing Incorporated in and fonning a part of the specification, illustrates several aspects 
of the present invention, and together with the description serve to explain the principles of the invention. In the draw- 
ings: 

20 

Fig. 1 is a summarized partial cross section of the shell-and-tube reactor of the present invention having the reaction 
tubes equipped with movable or fixed themnometers, respectively, inserted through the top of the reactor; 
Fig, 2 is a summarized partial cross section of the shell-and-tube reactor of the present invention having the reaction 
tubes equipped with movable and fixed thermometers, respectively, inserted through the bottom of the reactor; 

25 Fig. 3 is a summarized figure wherein swing-preventing means are equipped with the themnometers; Fig, 3A is a 

front view. Fig. 3D is a side view, wherein a wire Is used as the swing-preventing means, respectively; Fig. 3B is 
a front view, Fig. 3E Is a side view, wherein a slight shorter plate material than the inner diameter of the reaction 
or protective tube is used, respectively; and Fig. 3C is a front view. Fig. 3F is a side view, wherein a slight shorter 
cross-plate material than the inner diameter of the reaction or protective tube is used, respectively; and 

30 Fig. 4 is a summarized figure wherein swing-preventing means are equipped with the pressure protective tubes; 

Fig. 4 Is a front view wherein a wire is used as the swing-preventing means, and the protective tube's tip has a slit 
shape, and Fig. 4B is a front view wherein a wire is used as the swing-preventing means, and the protective tube's 
tip has a notch shape. 

35 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[001 8] Now, a preferred embodiment of the present Invention will be explained using a thennometer as the measuring 
means. This manner is also perfonned using a pressure measuring device or pressure gage. The present invention is 
not restricted to the thennometer. 

40 [0019] The shell-and-tube reactor of the present invention is characterized in that a thennometer is provided in at 
least one reaction tube, substantially the same solid particles are filled in the reaction tubes with or without the ther- 
mometer, the length of solid particle layers In each reaction tube and the pressure drop of solid particle layers supplying 
a gas such as air are substantially coincidental, respectively. The reaction process in the reaction tube with the ther- 
mometer can be equal to the reaction process in the reaction tube without the thennometer, so that the temperature 

45 can be measured for catalyst particle layers as the representative reaction tube equipped with the thennometer or 
more. In this method, no smaller particles are mixed, and thus the filling time can be reduced. Furthermore, all reaction 
tubes can be equal regarding the Inside diameter of reaction tubes. 

[0020] Suitable shell-and-tube reactors may include conventional reactors in that solid particles such as catalyst or 
inert or inactive particles can be filled into the reaction tubes, but for example include a single-reactor, and tandem. In 
50 the reactor, raw material gases are passed through each reaction tube filled with solid particles, on the other hand a 
heat-medium (shell side fluid) is flowed through the gap among the reaction tubes so as to remove heat from or supply 
to the reaction tubes. 

[0021] In the present shell-and-tube reactor, the shell may be divided with a tube sheet into pluralities, for example 
two, of chambers. In each chamber, a heat medium may be independently circulated. In the top and bottom chambers. 
55 a first reaction is performed in one, and sequentially a second reaction is perfonned in the other. In this case, in the 
reaction tubes are filled the first catalyst particles con-esponding to the first reaction and the second catalyst particles 
corresponding to the second reaction. The present reactor Is advantageous In that the heat medium of different kinds 
of type, temperature, and flow rate per a chamber can be circulated, and thus different kinds of reaction per a chamber 
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can be controlled. , 
[0022] The installation manner of reaction tubes to the shell-and-tube reactor is not restricted, but appropnately 
detennined depending upon the number, arrangement, length, diameter of reaction tubes, the design of Inlet or outlet 
area between reaction mediums (It may be referred to as "tube side fluid".) and heat mediums (It may be refen^ed to 
5 as "shell side fluid".), volume of the heat medium to be circulated, and the flow-direction of the heat medium (for example 
parallel or counter flow against the flow direction of the reaction medium). 

[0023] The inside diameter of reaction tubes with the themnometer (hereinafter it may be referred to as "measuring 
reaction tube".) may be. or not, the same as the inside diameter of reaction tubes without themnometers (hereinafter 
it may be referred to as "non-measuring reaction tube".). It is prefen-ed to be the same In view of that the conventional 
10 reactor including reaction tubes can be used, it prevents the inside diameter of measuring reaction tubes from becoming 
large, it prevents the reactor from becoming large, and It prevents an increase in costs. 

[0024] The number of the reaction tubes is generally in the range of 3,000 to 30,000 pieces, the inside diameter 
thereof generally in the range of 15 to 50 mm. and the length thereof generally in the range of 2,000 to 10.000 mm in 
an industrial scale. A measuring reaction tube is at least one among them, but the ratio thereof preferably In the range 
15 of 0.05 to 2%, and most preferably In the range of 0.1 to 1%, based on the total number in the reactor. Measuring 
reaction tubes are preferably unifomily arranged in the shell so as to accurately grasp the temperature profile of the 

whole reaction tube. . tw, , 

[0025] Substantially the same solid particles are filled into the measuring and non-measuring reaction tubes. This is 
because the length and pressure drop of the solid particle layer in supplying the gas are set to be substantially the 

20 same respectively, by changing the filling speed or filling time of solid particles into the measuring or non-measunng 
reaction tubes. To use substantially the same solid particles are very advantageous In view of omitting times and 
equipment for producing several types and kinds of solid particles for controlling pressure drop and mixing these par- 
ticles unifomnly . ivj 
[0026] The tenri "substantially the same", which is used for the solid particles, in the present invention means solid 

25 particles belonging to the same quality standard. As the quality standard, for example appearance, composition , particle 
size, true specific gravity, bull< spectfic gravity, and strength after falling are cited. In the case of mixing plurality of solid 
particles, the respective is within ± 20% based on the set-point in weight. 

[0027] In the present invention, the filling substantially the same solid particles Into the measuring and non-measuring 
reaction tubes may be that for example, as set forth below, the reaction tube is divided into three bloclcs. A, B and C, 

so in axial direction, and then three types of substantially the same solid particles A. B and C are filled per each block. 
More than two types, particle size or shape, of solid partkiles may be used unless it regulate pressure drop. 
[0028] Suitable solid particles usually include catalyst particles made of catalyst materials as well as inert particles 
made of inert materials, which do not react with the raw materials and products. Here, the catalyst particle generally 
include non-deposited type catalysts or catalysts wherein a carrier is covered with catalyst components, and preferably 

35 two more catalyst particles and a combination of the inert particle and catalyst particle. Here, the combination means 
a combination of one or more of the inert particles and one or more of the catalyst particles. 

[0029] The combination of solid particles depends upon reaction. The reaction in the shell-and-tube reactor is not 
restricted, but includes the conventional reactions of exothermal and endothennal reactions. Concretely, an oxidation 
reaction a dehydrogenation. a hydrogenation, an oxidative dehydrogenation are cited. The oxidation reaction is par- 
40 ticularly cited such as phthalic anhydride from o-xylene, acrolein from propylene, acrylic acid from propylene and/ or 
acrolein and methacryllc acid from methacrolein. This oxidation reaction is a heterogeneous catalyst reaction, which 
is performed in the presence of catalyst particles as the solid particle. The reaction performed In the shell-and-tube 
reactor of the present invention is thus suitable for gas-phase catalytic oxidation reaction? 

[0030] Shapes of the catalyst particles are not restricted, but include for example sphere, column, cylindrical, Raschig 
45 ring and ring, and preferably cylindrical or Raschig ring in view of increasing the catalyst activity area per unit volume 

thereof. . . * 

[0031 ] The size of catalyst particles Is not directly defined since It depends upon the retention time of reaction gases . 
pressure drop, the Inside diameters of non-measuring and measuring reaction tubes, the stmcture and shape of catalyst 
particles, but for example in the range of 1 to 20 mm. preferably in the range of 2 to 15 mm, and most preferably in the 

50 range of 3 to 1 0 mm. If the size is less than 1 mm, a consecutive reaction increases, thus the yield of objective products 
is apt to decrease, and the pressure drop will increase. Adversely if the size is more than 20 mm. the yield of objective 
products is apt to decrease since the contact efficiency of the catalyst particles and reaction gases drops. Here, the 
size of catalyst particles means diameter in the case of for example sphere and column, outer diameter in the case of 
ring, and a mean of the major axis and minor axis in the case of ellipses. 

55 [0032] As the molding method of the catalyst particle, it may be appropriately molded depending upon the structure 
or shape of the catalyst particles, but for example cited deposition, extrusion and tablet making. In addition, the dep- 
osition of refractory Inorganic carriers with suitable catalyst materials may be cited. 

[0033] As the Inert particle or inert refractory substance, it may be cited particles inert for raw material gases and 
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products. 

[0034] As the shape of inert particles, it may be cited for example sphere, column, cylindrical, wire netting, plate type 
shape. Also goods on the market may be cited such as Raschig ring, interlock saddle, bell saddle, ceramic ball, mac- 
mahorn, and Dickson. Suitable examples of the Inert refractory substance may include a -alumina, alundum, mulllte. 

5 carborundum, stainless steel, siricon carbide, steatite, earthenware, porcelain, iron, and various sorts of ceramics. 
[0035] The size of the Inert partteles is not directly defined since it depends upon the cooling efficiency of reaction 
gases including polymerizable materials in a high temperature by means of the inert particles, the inside diameter of 
reaction tubes, and the structure of shape of inert particles, but usually In the range of 1 to 20 mm, preferably in the 
range of 2 to 1 6 mm, and most preferably In the range of 3 to 12 mm. If the size is less than 1 mm, solid materials and 

10 sublimate in the gas are apt to close the tubing, and the pressure drop increases. Adversely, If the size exceeds 20 
mm, heat-efficiency lowers not to achieve cooling or heating. Here, the size of inert particles means diameter in the 
case of for example sphere and column, outer diameter in the case of ring, and a mean of the major axis and minor 
axis in the case of ellipses. 

[0036] By the tenn "substantially the same" regarding the length of solid particle layers per each reaction tube, is 
15 meant within ± 1 0%, and preferably within ± 4%, based on the mean length of the solid particle layers. 

[0037] By the temri "substantially the same" regarding pressure drop of solid particle layers in supplying the gas into 
the reaction tube, is meant within ± 1 0%, and preferably within ± 4%,' based on the mean pressure drop of solid particle 
layers. In the case of sequentially filling plurality of solid particles into the reaction tubes in layers, the length and 
pressure drop are set to be substantially the same, respectively, per corresponding filled layers. 
20 [0038] Solid partlcleis are filled into the reaction tubes as follows (Steps 1 to 7): 

Step 1 : Solid particles are divided per each reaction tube based on volume. The divided solid particles are filled 
Into the respective non-measuring reaction tube in the range of 15 to 100 sec. per one liter of the divided solid 
particles. The filling is usually perfomned by means of a filling machine not to be dispersed on the filling speed per 
25 each reaction tube. 

Step 2: The length and the pressure drop of filled layers are measured. 

Step 3: The value of the length should be within ± 10%, preferably ± 4%, based on the mean value thereof. If at 
least one of the values Is beyond the above range, all of the filled solid particles are withdrawn from the reaction 
tubes, and re-filling is perfomned if necessary by changing the filling speed. The length is measured with a measure 
30 or the like. 

Step 4: The value of the pressure loss should be within ± 1 0%, preferably ± 4%, based on the mean value thereof. 
If at least one of the values is beyond the above range, all of the filled solid particles are withdrawn from the reaction 
tubes, and re-filling Is perfomned if necessary by changing the filling speed. The pressure drop is measured at an 
Inlet or outlet by a pressure measuring device while supplying a prescribed amount of gases such as air. 

35 Step 5: A thermometer Is set at a prescribed point per each measuring reaction tube. The prescribed point means 

the point at which the detection part of thermometers is set in the reaction tube in the case of a fixing thermometer, 
and the points at which the tip of a protective tube for themiometers exists in the reaction tube and at which the 
detection part of themnometers is set In the reaction tube in the case of a movable themriometer 
Step 6: The divided solid particles are filled slowly into measuring reaction tubes per each reaction tube to roughly 

40 the same point, preferably to the same point, of the mean value of filled layers for the non-measuring reaction 

tubes (at the point wherein the mean value within ± 1 0%, preferably the mean value within ± 4%). In this case, the 
filling per liter of the solid particles Is perfonned for a period of time 1 .0 to 50 times, preferably 1 .5 to 40 times, 
especially 2 to 30 times, compared to the filling time of the non-measuring reaction tubes. The solid particles may 
be manually filled usually or by a filling machine, whteh speeds can be changeable, though several kinds of ther- 

45 mometers are inserted Into the reaction tubes. 

Step 7: The value of the pressure drop should be set within ± 1 0%, preferably ± 4%, based on the mean value of 
pressure drops of the non-measuring reaction tubes. If at ieast one of the values is beyond the above range, ail 
of the filled solid particles are withdrawn from the reaction tubes, and re-filling is performed if necessary by changing 
the filling speed. 

so 

[0039] The thermometer to be used In the measuring reaction tubes is not restricted, but includes the conventional 
thermometers such as thermocouple and resistance thennometers. Now, setting methods of two representative ther- 
mometers will be explained with referring to the drawings. 

[0040] A first type is a movable thermometer, the detector of which can be freely movable along with the axis of the 
S5 reaction tube (see Figs. 1 and 2). 

[0041] A second type is a fixing thennometer, the detector of which is fixed at a certain point in the reaction tube 
(see Figs. 1 and 2). The detector may be one, but pluralities of detectors may be set at different axial points in the 
reaction tube so as to gain infomnation of a temperature profile along with the reaction tube axis. 
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[0042] Protective means such as a protective tube and a cover for protection may be set in the reaction tubes in any 
of two types of themiometers so as to prevent the themnometer from friction and shocit by means of function of the 
thermometer in the reaction tube and the solid particles in the case of filling of the solid particles, and routine or special 
removing and packing thereof. 

5 [0043] The outer diameter of thermometers including a protective tube is as small as possible not to affect the reac- 
tion, but for example not more than 1 0 mm. preferably not more than 6 mm. If the diameter exceeds 1 0 mm. it becomes 
difficult for the pressure drop of the measuring reaction tube to coincide with that of the non-measuring reaction tube. 
The inside diameter of the reaction tubes is usually In the range of 15 to 50 mm so as to improve the heat efficiency 
of the catalyst layer and heat medium. If the outer diameter of thermometers grows so large, the gap between the 

w reaction tube and thennometer reduces, thereby the condition of the filled solid particles changes. 

[0044] Fig. 1 is a partially sectional view of a shell-and-tube reactor of the present Invention illustrating that movable 
and fixing thermometers are set in the reaction tubes, respectively, which themiometers are led from the top of the 
reactor. Fig. 2 is a partially sectional view of a shell-and-tube reactor of the present invention illustrating that movable 
and fixing thermometers are set in the reaction tubes, respectively, which temperatures are led from the bottom of the 

15 reactor. 

[0045] In the case of measuring temperatures at upper places of the intermediate tube sheet 1 1 6. a protective tube 
111 is introduced from the top of the reactor 1 01 (Fig. 1). Adversely, in measuring temperatures at lower places of the 
intennediate tube sheet 21 5. a protective tube 21 1 is introduced from the bottom of the reactor 201 (Fig. 2). They Insert 
preferably nearby the intermediate tube sheet 115. 215, respectively, not to adverse affect the filling by means of 

20 introduction of the protective tube. 

[0046] As shown in Figs. 1 and 2, such protective tubes 1 1 1 , 21 1 are passed through nozzles for measuring temper- 
atures equipped with an upper shell head 1 07 or a lower shell head 207 of a shell-and-tube reactor 1 01 . 201 ; partition 
rooms 1 05 205; and Inserted into reaction tubes 102. 202 fixed to the upper fixing tube sheet 1 03 or the lower fixing 
tube sheet'203,' respectively. They Insert nearby the Intermediate tube sheets 115. 215. respectively. The protective 

25 tubes 111. 211 may pass through the opposite shell head, or one tips of the protective tubes are stopped at far tube 
sheets, closed, and set at prescribed points, respectively. 

[0047] The movable themiometers 121 , 221 are inserted, for example as shown in Figs. 1 and 2, through nozzles 
1 09 209 into measuring reaction tubes 102. 202, preferably protective tubes 111 , 211 to the Intemiedlate tube sheets 
1 1 5. 21 5. The thermometers 121 , 221 are universally movable along with the axial directions of the reaction tubes 1 02, 
30 202. 

[0048] One or more wiring materials of the fixing themiometers are gathered and fixed at the nozzle. Further, a switch 
lid at which the wiring materials are got on and off freely and with a sealing structure may be adopted to the nozzles 
so as to prevent the air outside from Invading into the partition room. This can be also applied to the movable ther- 
mometer. X ♦U 

35 [0049] Further, a swing-preventing means is installed preferably In the movable reaction tube, for preventing the 
horizontal swing or deflection of the themnometer, in particular the detector thereof, against the axis of the reaction 
tube or protective tube, or the warp thereof. The thermometer is desired to be positioned at the center of the vertical 
reaction or protective tube In both stationary and moving states by means of the swing-preventing means so as to 
exclude the adverse effects of the temperature profile to the horizontal direction of the reaction tube. 

40 [0050] This means maybe applied to the protective tube. i.e.. such a means is equipped outside of the protective tube. 
[0051] As the swing-preventing means, it may be cited a structure that being simple, does not give adverse effects 
to filling of the solid particles, and small not to reduce the space of reaction tubes too large, but concretely the con- 
ventional one. . * » • * 
[0052] Fig 3 are views showing swing-preventing means attached to the themiometers; Fig. 3A is a front view of a 

45 wire as the swing-preventing means. Fig. 3D is a side view of the wire; Fig. 3B is a front view of a plate material slight 
less than the inside diameter of the reaction or protective tube. Fig. 3E is a side view of the plate material; Fig. 3C is 
a front view of a cross plate material slight less than the Inside diameter of the reaction or protective tube, and Fig. 3F 
is a side view of the cross plate material. 

[0053] As shown in Fig. 3, it is cited the plate material 325 (Figs. 3B and 3E) and the cross plate material 327 (Figs. 

50 3C and 3F), which are slight less than the inside diameter of the reaction or protective tube, as well as the wire, being 
about the same length as or less than the inside diameter of the reaction tube and vertically attached to the reaction 
tube at an appropriate intervals of the axial direction (Figs. 3A and 3C). and plural of needle projections attached to 
the cover of wiring material of the themiometer. One through 4 pieces of wires or plate materials are preferably attached 
to the thermometer vertically against the axis in the case of attaching the swing-preventing means to the wire material 

55 of the themiometer. More swing-preventing means at one place may be attached unless they do not disturtj the filling 
of the solid particles. The swing-preventing means may be a stmcture of being easy to put on and take off from the 
themiometer if necessary, movable In the axial directions of the themiometer, and evolvable around the axis thereof. 
[0054] Fig 4 are views showing swing-preventing means attached to the protective tube for a pressure measuring 
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device: Fig. 4A is a front view of a wire as the swing-preventing means, attached to the protective tube, the tip thereof 
being a slit, and Fig. 4B is a front view of a wire as the swing-preventing means, attached to the protective tube, the 
tip thereof tieing a notch. As shown in Fig. 4. a slit 431 or notch 433 is preferably attached to the tip of protective tubes 
411 to which the swing-preventing means 423 is attached. The shape is not restricted unless the solid particles block 
5 the protective tube. The attaching method of the swing-preventing means to the protective tube is repeated as the 
same method as shown In Fig. 3A, 

[0055] The pressure measuring device can be attached in the similar way as the thermometer. The pressure meas- 
uring devices 1 23, 223 are set at the tip of the protective tube as shown in Figs. 1 and 2 to measure the pressure of 
the solid particle layer. 

10 [0056] The method for producing (meth)acrylic acid and/or (meth) acrolein is perfomied by means of the present 
reactor. 

[0057] Now, the present production method is explained by means of the reactor wherein the shell is divided into 
two through a tube sheet to form two chambers, and a heat medium is circulated through the chamber independently. 
IHowever the present invention is not restricted to this preferred embodiment. 

15 [0058] The shell in the reactor has two chambers A and B divided through an intemiediate tube sheet as shown in 
Figs 1 and 2. A number of reaction tubes, including the measuring reaction tubes, are installed in the interior of a 
reaction chamber which has a circular cross section in horizontal, these reaction tubes are fastened at their upper 
ends to an upper tube sheet (Fig. 1 ) and at their lower ends to a lower tube sheet (Fig. 2) by a known method such as 
pipe expansion and/or welding technique. The shell of the reactor is horizontally partitioned with an intemnediate tube 

20 sheet positioned substantially In the mkJdIe between the upper tube sheet and the lower tube sheet to fomn two cham- 
bers A (the upper side of the reactor) and B (the lower side of the reactor). Further, the reactor is preferably provided 
in the central part thereof with a pathway for advancing the heat medium upward from below without Installation of the 
reaction tubes with a view to ensuring efficient transfer of the heat medium even In the central part. 
[0059] The reaction tubes and the intermediate tube sheet are preferably made of the same material such as steel 

25 or iron in consideration of the possible expansion and contraction by heating and cooling. 

[0060] In chambers A and B, donut, disc, and donut type baffle plates, for example, are altemately disposed so as. 
to disperse the heat medium in the lateral direction and reduce the temperature distribution in the lateral direction. 
[0061] The reaction tubes may be packed with a catalyst for the purpose of a reaction and enabled to utilize the 
catalyst as a fixed bed. In the production of acrylic acid by the reaction of two-step gas-phase catalytic oxidation of a 

30 propylene-containing gas. for example, oxidation catalysts generally used for producing acrolein by the reaction of 
gas-phase oxidation of a raw material gas containing propylene can be used as an upstream catalyst. A downstream 
catalyst is not particularly restricted, but may include, for example, oxidation catalysts generally used for producing 
acrylic acid by the gas-phase oxidation of a reaction gas mainly containing the acrolein obtained on the upstream by 
the method for two-step gas-phase catalytic oxidation. 

35 [0062] The catalysts which fomi the upstream and downstream catalyst beds each do not need to be a unique 
catalyst For example, several kinds of catalysts differing in activity may be sequentially packed orsuch catalysts, when 
necessary, may be diluted with an Inert material such as an inert carrier. This fact holds true with other catalysts, which 
will be specifically described herein below. u u - **u 

[0063] Before the reaction tubes are packed with a catalyst, a metallic net or support plate Is set at the bottom of the 

40 reaction tubes for preventing the catalyst from falling down. Before the catalyst is set, the reaction tubes, when nec- 
essary are packed with a refractory substance inert to the reaction and then packed with the upstream catalyst. Then, 
they are packed with the downstream catalyst. An inert refractory substance or inert parttele may be interposed between 
the upstream and downstream catalysts. . ^. , • 

[0064] On the lower part of chamber B, may be filled an inert refractory substance to fonn a first inert particle layer, 

45 filled an upstream catalyst on the first inert particle layer to fomri an upstream catalyst particle layer, filled an inert 
refractory substance from the upper part of the upstream catalyst through the intermediate tube sheet to the entrance 
portion of chamber A to form a second inert particle layer, and then filled a downstream catalyst deposited in the 
remaining region of chamber A to form a downstream catalyst particle layer. When the temperature of chamber B is 
higher than that of chamber A. for example, the raw material gas is partially oxidized by the upstream catalyst, then 

50 cooled in the portion of the second inert refractory substance, and thereafter partially oxidized further while maintaining 
the lowered temperature In the portion of the downstream catalyst to give a desired product. In the region of chamber 
A the portion of the second Inert refractory substance corresponds to a cooling layer and the portion of the downstream 
catalyst corresponds to a reaction layer. This Is because when polymerizable gases produced by the oxidation in the 
downstream catalyst layer kept at a high temperature are led to the downstream catalyst layer, the yield of acrylic acid 

55 tends to reduce. ... , * ♦u 

[0065] The whole layer of the second inert refractory substance is preferably packed substantially uniformly for the 
purpose of effectively cooling the reaction gas and of starting the reaction at the same place on the downstream catalyst 
layer in the whole reaction tube. This can be achieved by constantly filling the solid partteles into all reaction tubes. 
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[0066] One of the functions of the second inert refractory substance layer resides, when the temperature of chamber 
A is lower than that of chamber B, In adjusting the temperature of the reaction gas to a level In a range proper for the 
oxidation reaction in the downstream catalyst layer by suddenly cooling the product-containing gas emanating from 
the upstream catalyst. The second Inert refractory substance layer is required to dispose in a length enough for the 

5 function to be satisfactorily manifested. 

[0067] In this invention, the second inert refractory substances is disposed in a length sufficient for cooling the reaction 
gas from the upstream catalyst layer to a temperature proper for the downstream catalyst layer and in a manner such 
that the catalyst in the outlet part of the upstream catalyst layer and the catalyst in the Inlet part of the downstream 
catalyst layer are both incapable of substantially receiving to the heat influence from the intermediate tube sheet. The 

10 shell may be divided into three chambers if necessary, the intennediate chamber used as the inert particle layer, and 
a cooling medium circulated through the intermediate chamber. 

[0068] The second inert refractory substance layer is only required to have a length sufficient for cooling the reaction 
gas entering the downstream catalyst layer from the second inert refractory substance layer, namely the reaction gas 
In the inlet part to the downstream catalyst layer, to a temperature of not more than the inlet temperature of the heat 

IS medium plus 15*»C, when the heat medium is advanced in co-current flow to the raw material or produced gas. 

[0069] Another function of the second inert refractory substance layer, through which the reaction gas emanating 
from the upstream reaction layer passes, resides not only in preventing the substances contained in the reaction gas. 
i.e. the molybdenum component sublimed from the upstream catalyst and high boiling substances such as terephthallc 
acid by-produced in the production of acrylic acid, for example, from causing pressure drop but also In preventing these 

20 defiling substances from directly entering the downstream catalyst layer and degrading the catalytic property thereof. 
For the sole sake of this function, It suffices to reduce the void ratio of the second inert refractory substance layer. If 
this reduction is unduly large, the excess will be at a disadvantage in aggravating the pressure drop. This invention 
may set the void ratio of the second inert refractory substance at a level in the range of 40 - 99.5%. preferably 45 - 
99%. The term 'Void ratio" used herein is defined by the fonmula: 

25 

Void ratio {%) = {(X - Y)/X} x 1 00 

wherein X denotes the volume of the second inert refractory substance layer and Y the real volume of the second Inert 

30 refractory substance layer (the temi "real volume" means, in the case of a ring, for example, the actual volume minus 
the central empty part). «o 
[0070] If the void ratio Is less than 40%. the shortage will enlarge the pressure drop. Conversely, if rt exceeds 99.5 /o, 
the excess will be at disadvantages in lowering the function of capturing the impurities and degrading the function of 
cooling the reaction gas by the second inert particle layer as well. 

35 [0071] When the first inert refractory substance layer is inserted in the inlet part to the upstream catalyst for the 
purpose of preheating the raw material gas, it brings the advantage of increasing the yield of desired products. 
[0072] The raw material gas for a reaction is supplied up-flow to the reactor, exposed therein to the catalyst and 
allowed to give birth to the desired product, and discharged from the reactor through the upper part thereof. A method 
for supplying the reaction gas, when necessary, may be varied by altering the sequence of filling the kinds of catalyst 

40 so as to supply the reaction gas to the reactor down-flow. 

[0073] In chamber A. the heat medium discharged through a heat medium outlet port of an annular conduit whteh is 
disposed on the outer periphery of the shell and provided with a plurality of openings communicating with the reactor 
Is cooled by a heat exchanger. The cooled heat medium Is then Introduced into chamber A through an annular conduit 
which is disposed on the outer periphery of the shell and provided with a plurality of openings communicating with the 

45 reactor via a heat medium inlet with a known pump such as a volute or axial-flow pump. In the reactor, the heat medium 
enters the shell from the substantially whole circumference of the peripheral part of the reactor, contacts a bundle of 
reaction tubes and meanwhile recovers the heat generated when the reaction is exothemiic. advances toward the 
center of the reactor, and ascends the hole fomied In the donut type baffle plate. The heat medium further advances 
substantially horizontally along a disc type baffle plate to contact the bundle of reaction tubes and meantime recovers 

50 the reaction heat, advances toward the substantially whole peripheral part of the reactor, and ascends the outer pe- 
ripheral part of the disc. Thereafter, the heat medium, by repeating this process, advances to the annular conduit 
disposed on the outer periphery of the reactor. Though a gap may interpose between the donut type baffle plates and 
the reactor, it Is commendable to eliminate this gap for the purpose of reducing the temperature distribution of the heat 
medium in the reactor. 

55 [0074] In chamber B, the heat medium circulates similarly in chamber A. Then, the method for circulating the heat 
medium, when necessary, allows the heat medium to be circulated in the reverse direction in either or both chambers 
A and B. From the viewpoint of protecting the pumps, the heat medium Is preferred to pass the pumps after it has 
passed the heat exchangers and has then acquired a relatively low temperature. 
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[0075] As the heat medium to be used in the present invention, it may include the conventionai one depending on 
the purpose to be used, but for example a molten salt generally used, niter, phenyl ether as an organic heat medium 
of Dowtherm, 

[0076] In the production of acrylic acid by the reaction of two-step gas^Dhase catalytic oxidation of a propylene- 
5 containing gas according to this invention, an oxidation catalyst generally used for producing acrolein by subjecting a 
propylene-containing raw material gas to a reaction of gas-phase oxidation can be used as the upstream catalyst. 
Similarly, the downstream catalyst is not particularly restricted, but may include, for example, an oxidation catalyst 
generally used in producing acrylic acid by the gas-phase oxidation of a reaction gas which mainly contains the acrolein 
obtained In the former step by the method of two-step gas-phase catalytic oxidation. 
10 [0077] Suitable examples of the upstream catalyst may include catalysts represented by tlie fomnula, MOj^-Bib-FOg- 
Ajj-Be-CpDg-Ox, wherein Mo, Bl, and Fe respectively denote molybdenum, bismuth, and Iron, A denotes at least one 
element selected from the group consisting of nickel and cobalt, B denotes at least one element selected from the 
group consisting of alkali metals and thallium, C denotes at least one element selected from the group consisting of 
phosphorus, niobium, manganese, cerium, tellurium, tungsten, antimony, and lead, D denotes at least one element 
15 selected from the group consisting of silicon, aluminum, zirconium, and titanium, and O denotes oxygen, a. b, c, d, e, 
f, g, and x respectively denote the atomic ratios of Mo. Bi, Fe, A, B. C, D. and O satisfying the ranges, b = 0.1 - 10, c 
= 0.1 - 1 0, d = 2 - 20, e = 0.001 - 5, f = 0 - 6, and g = 0 -30, on the basis of a = 12. and x denotes the numerical value 
fixed by the states of oxidation of the relevant elements. 

[0078] Suitable examples of the downstream catalyst may Include catalysts represented by the formula, MOa-Vi,- 
20 Wc-CUd-Ae-BpCg-Ox, wherein Mo denotes molybdenum, V vanadium. W tungsten, Cu copper, A at least one element 

selected from the group consisting of antimony, bismuth, tin, niobium, cobalt, iron, nickel, and chromium, B at least 

one element selected from the group consisting of alkali metals, alkaline earth metals, and thallium, C at least one 
. element selected from the group consisting of silicon, aluminum, zirconium, and cerium, and O denotes oxygen, a, b, 

c, d, e, f, g, and x respectively denote the atomk: ratios of Mo, V, W, Cu. A, B, C, and O satisfying the ranges, b = 2 - 
25 14. c = 0 - 12. d = 0.1 - 5, e = 0 - 6, f = 0 - 5, and g = 0 - 20, on the basis of a = 12, and x denotes the numerical value 

fixed by the states of oxidation of the relevant elements. 

[0079] As the catalyst to be used In producing methacrylic acid by the reaction of two-step gas-phase catalytic oxi- 
dation of Isobutylene, t-butanol. or methyl-t-butyl ether according to this Invention, an oxidation catalyst generally used 
as the upstream catalyst in producing methacrolein by the reaction of gas-phase oxidation of a raw material gas con- 
so taining isobutylene, for example, can be used. The downstream catalyst is not particular restricted, but may include 
an oxidation catalyst generally used in producing methacrylic acid by the gas-phase oxidation of a reaction gas mainly 
containing the methacrolein obtained by the fomier step of the method for two-step gas-phase catalytic oxidation. 
[0080] Suitable examples of the upstream catalyst may include catalysts of the formula, MOg-Wb-Bic-Fe^Ae-Bf-Cg- 
□h-Ox, wherein Mo, W, and Bi respectively denote molybdenum, tungsten, and bismuth, Fe denotes iron, A denotes 
35 nickel and/or cobalt, B denotes at least one element selected from the group consisting of alkali metals, alkaline earth 
metals, and thallium, C denotes at least one element selected from the group consisting of phosphorus, tellurium, 
antimony, tin, cerium, lead, niobium, manganese, and zinc, D denotes at least one element selected from the group 
consisting of silicon, aluminum, titanium, and zirconium, and O denotes oxygen, a, b, c, d, e, f, g, h, and x respectively 
denote the atomic ratios of Mo, W, Bi, Fe, A, B, C, D, and O satisfying the ranges, b = 0 - 10, c = 0.1 - 10, d = 0.1 - 20, 
40 e = 2 - 20, f = 0.001 - 10, g = 0 - 4. and h = 0 - 30 on the basis of a = 12, and x denotes the numerteal value fixed by 
the states of oxidation of the relevant elements. 

[0081 ] The downstream catalyst is not particularly restrtoted but may comprise at least one oxide catalyst containing 
molybdenum and phosphorus as main components. For example, phosphomolybdic acid type heteropoly acids and 
metal salts thereof prove advantageous. Suitable examples of the downstream catalyst may include catalysts of the 

45 fonnula, MOgr^t'^'^d'^e'^t'Ox* wherein Mo denotes molybdenum, P denotes phosphorus, A denotes at least one 
element selected from the group consisting of arsenic, antimony, germanium, bismuth, zirconium, and selenium, B 
denotes at least one element selected from the group consisting of copper, iron, chromium, nickel, manganese, cobalt, 
tin, silver, zinc, palladium, rhodium, and tellurium, C denotes at least one element selected from the group consisting 
of vanadium, tungsten, and niobium, D denotes at least one element selected from the group consisting of alkali metals, 

50 alkaline earth metals, and thallium, and O denotes oxygen, a, b, c, d, e, f, and x respectively denote the atomic ratios 
of Mo, P, A, B, C, D, and O satisfying the ranges, b = 0.5 - 4, c = 0 - 5, d = 0 - 3, e = 0 - 4. and f = 0.01 - 4 on the basis 
of a = 12, and x denotes the numerical value fixed by the states of oxidation of the relevant elements. 
[0082] Conditions for the reaction of a gas-phase catalytic oxidation of propylene or isobutylene with a molecular 
oxygen may be set by a known method. In the case of propylene, for example, the propylene concentration in the raw 

55 material gas Is in the range of 3 - 16 vol. %, the ratio of molecular oxygen to the propylene in the range of 1 - 3, and 
the remainder comprises nitrogen, steam, carbon oxides, propane, etc. 

[0083] Air Is advantageously used as the feed source for the molecular oxygen. An oxygen-enriched air and pure 
oxygen, when necessary, may be used instead. The supply of such source for the molecular oxygen is implemented 
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by the one-pass or recycling method. Preferably, the reaction temperature is In the range of 250°C - 450''C . the reaction 
pressure In the range of normal pressure to 5 atmospheres, and the space velocity In the range of 500 - 3000 h-^ (STP). 
[00841 Then the production of acrylic acid Is performed by packing the bundled reaction tubes In the shell reactor 
of the heat exchanger type second shell-and-tube reactor with the oxidation catalyst (downstream catalyst), feeding 
s into the reactor the mixed gas prepared by adding secondary air. secondary oxygen, or steam, when necessary, to the 
acroleln-contalning gas obtained by the fomr»er-step reaction at a reaction temperature (the temperature of the catalyst 
in the reactor) of 1 0CC - 380»C, preferably 1 SO'C - 360»C. at aspace velocity of 300 - 5,000 hr^ (STP). and performing 
the latter-step reaction. 

[00851 Still more in the case of two sequential reactors for producing acrylic acid, secondary air, secondary oxygen 
10 or steam if necessary may be additionally added between the first reactor and second reactor, acrolein being mainly 
produced in the first reactor and acrylic acid being mainly produced In the second reactor. Reaction conditions of the 
second reactor may be the similar to those of chamber B. 

[0086] In the case of gas-phase catalytic oxidation of isobutylene. the Isobutylene concentration In the raw matenal 
gas is In the range of 1 - 1 0 vol. %, the concentration of molecular oxygen 3 - 20 vol. % and the concentration of steam 
IS 0-60 vol % respectively relative to isobutylene. and the remainder comprises nitrogen, steam, carbon oxides, etc. 
Air Is advantageously used as the feed source for the molecular oxygen. An oxygen-enriched air and pure oxygen, 
when necessary, are also usable. Preferably, the reaction temperature Is In the range of 250«C - 450»C. the reaction 
pressure In the range of normal pressure to five atmospheres, and the space velocity in the range of 300 - SOOO h" 

20 [00871 The production of methacrylic acid is performed by packing the bundled reaction tubes In the shell reactor of 
the heat exchanger type second shell-and-tube reactor with the oxidation catalyst (downstream catalyst) containing 
molybdenum and phosphorus, feeding Into the reactor the mixed gas prepared by adding secondary air. secondary 
oxvoen or steam when necessary, to the methacroleln-contalning gas obtained by the former-step reaction at a re- 
action temperature (the temperature of the catafyst In the reactor) of 100«C - 380-C. preferably ISO-C - 3S0»C. at a 

S5 space velocity Of 300- 5.000 hrMSTP). and carrying out the latter-step reaction. 

[00881 Still more, in the case of two sequential reactors for producing methacrylic acid, secondary air, secondary 
oxyqen or steam if necessary may be additionally added between the first reactor and second reactor, methacrolein 
being mainly produced In the first reactor and methacrylic acid being mainly produced In the second reactor. Reaction 
conditions of the second reactor may be the similar to those of chamber B. 

30 [0089] The reactor constructed as described above Is suitable for the production, by the reaction of gas-phase cat- 
alytic oxidation, of acrolein from propylene: methacrolein from at least one member selected from the group consisting 
of Isobutylene t-butanol, and methyl-t-butyl ether; maleic anhydride from benzene; maleic anhydride from butane; 
phthalic anhydride from xylene and/or naphthalene; acrylic acid from acrolein; and methacrylic acid from methacrolein. 
partlculariy for the production of (meth)acroleln from (meth)acryllc acid and/or (meth)acrolein. 

35 

EXAMPLE 

[0090] The present invention will be explained with reference to the following examples, but not restricted by the 
following examples. 

40 

REFEREfMTIAL EXAMPLE 1 
Production of Upstream Catalyst 

45 [0091 1 In 1 50 liters of purified water kept heated and stin-ed. 1 00 kg of ammonium molybdate. 6.3 kg of ammonium 
oaratungstate and 13.7 kg of nickel nitrate were dissolved. To the resultant solution, an aqueous nitrate solution pre- 
oared by mixliig a solution of 68.7 kg of cobalt nitrate in 100 liters of purified water, a solution of 19 kg of feme nitrate 
in 30 liters of purified water, and a solution of 27.5 kg of bismuth nitrate In 30 liters of purified water incorporating therein 
6 liters of concentrated nitric acid was added dropwise. Then, a solution of 14.2 kg of an aqueous 20 wt. % silica sol 

so solution and 0.29 kg of potassium nitrate In 1 5 liters of purified water was added. The suspension thus obtained was 
heated and stirred till vaporization to dryness and then dried and pulverized. The produced powder was molded into 
cylinders 5 mm ± 1 0% In diameter and 7 mm ± 1 0% In length and calcined as swept with air at 460«C for six hours to 
afford acatalyst The produced catalyst had this molar composition: Mo 1 2. Bl 1 . Fe 1 . Co 5. Ni 1 . W O.S. Si 1 . and K 0.06. 



55 



10 



EP 1 270 065 A1 

REFERENTIAL EXAMPLE 2 
Production of Downstream Catalyst 

5 [0092] In 500 liters of purified water kept heated and stirred, 1 00 kg of ammonium motybdate, 1 2.7 kg of ammonium 
paratungstate, and 27.6 kg of ammonium metavanadate were dissolved. To the resultant solution, a solution of 20.5 
kg of copper nitrate and 1 .4 kg of antimony trioxide in 60 liters of purified water were added. This mixed solution and 
350 kg of a silica-alumina carrier having an average particle diameter of 5 mm ± 10% were evaporated together to 
dryness to have a catalytic component deposited on the earner and then calcined at 400**C for six hours to afford a 

10 catalyst. The catalyst in a required amount was obtained by repeating this process. This catalyst had this molar com- 
position: Mo 12. V 5.0. W 1 .0. Cu 2.2. Sb 0.2. 

INERT PARTICLE 

15 [0093] Raschig rings of stainless steel having 6 mm ± 0.5 mm in outer diameter, and 6 mm ± 0.5 mm in length 
(available from I WAG JIKI K.K. in Japan) are used as the inert particle. 

EXAMPLE 1 

20 [0094] A vertical shell-and-tube reactor was adopted, having reaction tubes made of steel and of 6,500 mm in length 
and 25 mm in inside diameter, with an intemiediate tube sheet equipped at the middle of the reactor. Upstream catalyst 
particles, inert particles, and downstream catalyst particles were sequentially filled on the bottom of reaction tubes per 
each reaction tube as follows: 
Filling manner 

25 [0095] The upstream catalyst, inert, and downstream catalyst particles were divided into 14 pieces so as to be the 
same volume, respectively. 

[0096] All of non-measuring reaction tubes were filled with the above particles, and then measuring reaction tubes 
filled therewith in a way that the length of filled layer was the same as the mean of the non-measuring reaction tubes. 
The volumetric measurement was perfonned by means of a plastic volumetric measuring vessel. The length of the 
so layer was performed with a measure. The pressure drop of the solid particle layer was measured on a differential 
pressure gage. 

Reaction tube Nos. 1-3: 

35 [0097] One of the divided upstream catalyst particles per reaction tube was filled into the reaction tube, respectively. 
The filled layer was measured in length, and pressure drop for the filled reaction tube was measured while passing air 
through the tube at a rate of 15 N liter/min. 

Reaction tube No. 4: 

40 

[0098] A thermometer of 1 mm in outer diameter with a swing-preventing means as shown in Fig. 3A was Inserted 
and stopped at 800 mm from the bottom of the reaction tube (here, the themiometer means the detector In the tip 
thereof.). 

[0099] Then, one of the divided catalyst particles was filled into the reaction tube for a slight longer time than the 
45 mean of the filling time for the reaction tube Nos. 1 -3 so as to coincide with the mean length of the reaction tube Nos. 
1 to 3. The filling result is as summarized in Table 1 below. The value for pressure drops was the same as the mean 
value for the reaction tube Nos. 1-3. 

Reaction: 

so 

[01 00] The synthesis reaction of acrylic acid from propylene was performed for the reaction tube Nos. 1 to 4, respec- 
tively. The raw material gas contains 7.0 vol. % of propylene. 12.6 vol. % of oxygen, 10,0 vol. % of steam, and 70.4 
vol. % of nitrogen. The raw material gas was set at a SV (space velocity) of 1 , 600 hri against the upper catalyst layer. 
The temperature of the upstream catalyst layer (the inlet temperature of heat medium for the reactor) was maintained 
55 at SIS^'C, and the temperature of the downstream catalyst layer (the inlet temperature of the heat medium for the 
reactor) maintained at 275**C. 

[0101] The test results are shown In Table 1 below. In Table 1 , the conversion and selectivity to acrylic acid for the 
reaction tube No. 4 was almost equal to those for the reaction tube Nos. 1 -3. The temperature for the upstream catalyst 
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layer was measured. 
EXAMPLE 2 

5 [0102] A protective tube of 4 mm in outer diameter. 3 mm in inside diameter and 2,900 mm in length from the bottom 
of the reaction tubes, with a swing-preventing means was inserted into a reaction tube No. 6 from the bottom side, and 
then a thermometer of 1 mm in outer diameter inserted into the protective tube, 

[01 03] Then, one of the divided catalyst particles was filled into the reaction tube No, 5 thus obtained for a far longer 
time than the mean of the filling time for the reaction tube Nos. 1 -3 so as to coincide with the mean pressure drop of 
10 the reaction tube Nos. 1 to 3. 

[0104] The reaction procedure was repeated In the same manner as in Example 1. and test results are shown in 
Table 1 below. In Table 1 . the reaction results and the temperature of the catalyst layer were almost same as those of 
Example 1 . 

15 COMPARATIVE EXAMPLE 1 

[0105] The procedure of Example 2 was repeated, except that the filling time of the upstream catalyst particles Into 
a reaction tube No, 6 is shorter than the mean of the filling time for the reaction tube Nos. 1-3, and the control of 
pressure drop for the reaction tube No. 6 was not perfomried. Test results are shown in Table 1 below. 
20 [01 06] The values of the pressure drop, the temperature of the catalyst particle layer, the conversion of propylene, 
selectivity to acrylic acid of the reaction tube No. 6 were lower than those of Example 2. respectively 

EXAMPLE 3 

25 [0107] the procedure of Example 2 was repeated, except that in a reaction tube No. 7, a protective tube of 1 0 mm 
in outer diameter and 9 mm in inside diameter was used, and the filling time is longer than that of Example 2. Test, 
results are shown in Table 1 below. 

[0108] As shown in Table 1 , the values of the pressure drop, reaction results and the temperature of the catalyst 
particle layer were almost equal to those of Example 2, respectively 

30 

COMPARATIVE EXAMPLE 2 

[0109] The procedure of Example 2 was repeated, except that In a reaction tube No. 8, a protective tube of 12 mm 
in outer diameter and 11 mm in inside diameter was used, and the filing time of the upstream catalyst particles was 
35 longer than the mean value of those of the reaction tube Nos. 1 -3. Test results are shown in Table 1 below. 

[01 10] In Table 1 , the values of the pressure drop, the temperature of the catalyst particle layer, propylene conversion . 
and selectivity to acrylic acid were lower than those of Example 2. respectively. 

EXAMPLE 4 . 

40 

[01 11 ] The procedure of Example 2 was repeated, except that a protective tube without a swing-preventing means 
was inserted into a reaction tube No. 9. Test results are shown In Table 1 below. 

(01 12] In Table 1 , the values of the pressure drop, propylene conversion, and selectivity to acrylic acid were almost 
equal to those of Example 2. respectively, and the temperature of the catalyst particle layer was lower than those of 
45 Example 2, respectively. 

EXAMPLE 5 

[0113] The procedure of Example 1 in the reaction tube No. 4 was repeated, except that a themnometer of 1 mm in 
50 outer diameter with a swing-preventing means was inserted from the upper side, and stopped at 2,200 mm from the 
upper ends of the reaction tubes. Test results are shown In Table 1 below. 

[0114] In Table 1, the values of the pressure drop, propylene conversion, selectivity to acrylic acid were almost equal 
to those of Example 1 in the reaction tube No. 4, respectively. The temperature of the downstream catalyst layer could 
be measured. 

55 

EXAMPLE 6 

[01 1 5] The procedure of Example 5 was repeated, except that a protective tube of 4 mm in outer diameter, 3 mm In 
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inside diameter and 3, 000 mm in length from the upper ends of the reaction tubes, with a swing-preventing means 
was inserted into a reaction tube No. 11 from the upper side, a themfiometer of 1 mm in outer diameter Inserted into 
the protective tube, and the filling time of the downstream catalyst particles was longer than that of Example 5. Test 
results are shown In Table 1 below. 
5 [0116] In Table 1 . the values of the reaction results and catalyst particle layer temperature were almost equal to 
those of Example 5, respectively. 

COMPARATIVE EXAMPLE 3 

10 [0117] The procedure of Example 6 was repeated, except that the filling time of the downstream catalyst particles 
in a reaction tube No. 12 was shorter. Test results are shown in Table 1 below. 

[01 18] In Table 1 . the values of the pressure drop, catalyst particle temperature, propylene conversion and selectivity 
to acrylic acid were lower than those of Example 5, respectively. 

15 EXAMPLE 7 

[01 1 9] The procedure of Example 6 was repeated, except that the buter diameter of the protective tube was changed 
to 1 0 mm, the inside diameter thereof to 9 mm, the filling time of the downstream catalyst particles was longer, and a 
reaction tube No. 13 was used. Test results are showri In Table 1 below. 
20 [0120] In Table 1, the values of the pressure drop, reaction results, and catalyst particle layer temperature were 
almost equal to those of Example 6, respectively 

COMPARATIVE EXAMPLE 4 

25 [01 21 ] The procedure of Example 6 was repeated, except that the outer diameter of the protective tube was changed 
to 12 mm, the inside diameter thereof to 11 mm, the filling time of the downstream catalyst particles was longer, and 
a reaction tube No. 14 was used. Test results are shown in Table 1 below. 

[0122] In Table 1, the values of the pressure drop, catalyst particle layer temperature, propylene conversion and 
selectivity to acrylic acid were lower than those of Example 5, respectively. 

30 
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Ex.: Example 

C. Ex.: Comparative Example 
LP : Lower Part 
UP : Upper Part 

5 I. d.: Inside diameter for protective tubes Swing-prevent: Swing-preventing means 

L: Length of protective tubes 

O. d.: Outside diameter 

Position: Measuring position 

F. time: Filling time 
10 LL: layer length 

PD: Pressure drop 

UC: Upstream Catalyst 

DC: Downstream Catalyst 

IS: Inert Substance 
15 URT: Upstream Reaction Temperature 

DRT: Downstream Reaction Temperature 

UCLT: Upstream Catalyst Layer Temperature 

DCLT: Downstream Catalyst Layer Temperature 

PC: Propylene Conversion 
20 STA: Selectivity to Acrylic Acid 

[01231 It Is clear from Table 1 that the reaction In the measuring reaction tubes could be achieved as the same 
reaction as the reaction In the non-measuring reaction tubes, and the catalyst particle layer temperature could be 

measured, . ^ 

25 [0124] In accordance with the present invention, the temperature and pressure profiles in the measuring reaction 
tubes can be the same as those in the non-measuring reaction tubes, and thus at least one of the measuring reaction 
tubes can be the representative in the all reaction tubes in measuring the temperature of solid particle layers. 
[0125] Reaction efficiency In the measuring reaction tubes can be the same as that in the non-measuring reaction 
tubes, thus the present invention is advantageous in that the raw material conversion and selectivity to the objective 

30 products are high, productivity is excellent, and a certain nature can be ensured (see Examples In Table 1). 

[0126] The present advantageous effects can be attained by using substantially the same solid particles without solid 
particles for controlling the pressure drop, and thus the present invention is advantageous in omitting labors or equip- 
ment for producing plural of solid particles different from particle diameters and shapes so as to control the pressure 
drop and for mixing these solid particles unifomnly. 

35 [0127] In the present Invention, since the solid particles for controlling the pressure drop are not necessary, substan- 
tially the same solid particles, for example usually used, can be filled in reaction tubes with or without the themometer. 
The usually used solid particles have accumulated many useful techniques and data, so that these can be effectively 
utilized. In contrast, to seek a suitable combination of particle diameters and shapes for controlling the pressure drop 
would not be simple by means of experiments. 

40 [01 281 Further, in the case of measuring the temperature of solid particle layers, in particular the hot spot, dispersion 
of measuring the temperatures can be suppressed stubbomly by equipping the themiometer with a swing-preventmg 
means to position the themiometer at the axial center of the reaction tube inserted. Namely, it can exclude adversely 
effects about a horizontal plate vertical to the reaction tube axis from outer sides to the center portion on the plate. 
Even if the filled solid particles are withdrawn from the reaction tubes and newly ones are re-filled thereinto, the ther- 

45 mometer can be positioned in the prescribed position by employing the swing-preventing means. Accordingly. It can 
measure the temperatures of the solid particle layers more accurately (see In Table 1 Examples 1-3 vs. Example 4). 
As a result It can more accurately expect the catalyst life by means of degradation with time or the like, thereby the 
time at whteh the filled solid particles are to be withdrawn and newly ones are to be re-filled can be grasped precisely. 
[01 291 In the present invention . productions such as (meth)acrylic acid and/or (meth)acrolein can be effectively per- 

50 fomied in a single reactor including upstream and downstream catalysts, since pressure controlling particles are not 
necessary In contrast, when three types of upstream catalyst, inert, and downstream catalyst particles are inserted 
Into a reaction tube. If particles for controlling the pressure drop are employed, and the respective particles for controlling 
the pressure drop for the above three types would be required to be mixed. After filling, the smaller particles for pressure 
controlling would drop into the lower layer, so that pressure control would be difficult. There is a fear that the pressure 

55 drop deviates during operation, and conversion of raw materials and selectivity to the product are lowered. 

[01 30] (Meth)acrylic acid and/or (meth)acrolein can be effectively produced employing the shell-and-tube reactor of 

the present invention. *u 

[01 31 ] In addition, employing a pressure measuring device would prove similar effects to thecase of the themnometer. 
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(01321 In the specification, substituent groups given In parenthesis are optional. Thus, the Xem -(meth)aciylic acid" 
includes both acrylic acid and methacrylic acid. 



5 Claims 

1 . A shell-and tube reactor comprising at least one reaction tube with a measuring means, substantially the same 
solid particles being filled in the reaction tubes with or without the measuring means, a length of the filled solid 
particle layer, and a pressure drop thereof while passing a gas through the reaction tube, per each reaction tube. 

10 being substantially the same, respectively. 

2. A reactor according to claim 1 further comprising a swing-preventing means to be attached to the measuring means. 

3. A reactor according to claim 1 or 2. characterized In that the solid particles are two more types of catalyst particles 
IS or a combination of catalyst particles and inert particles. 

4. A reactor according to any one of claims 1 to 3. characterized in that the reactor has plural of chambers partitioned 
with a tube sheet, a heat medium being circulated In the chamber independently. 

20 5. A method for producing (meth)acrylic acid and/or (meth)acrolein by means of a gas-phase catalytic oxidation 
reaction employing the reactor according to any one of claims 1 to 4 or 6 to 16. 

6 A shell-and-tube reactor comprising a plurality of reaction tubes filled with solid particles, at least one reaction tube 
being provided with a measuring means, characterized In that the solid particles in each reaction tube, the length 
25 Of the solid particle layer in each reaction tube, and the pressure drop on passing a gas through each reaction 

tube, with or without the measuring means, are substantially the same. 

7. A shell-and-tube reactor as claimed In claim 6. wherein the solid particles used to fill each reaction tube have 
substantially the same size, composition and density. 

30 

8. A shell-and-tube reactor as claimed in claim 6 or claim 7, wherein at least two different types of solid particles are 
used to fill each reaction tube, the different types of solid particles preferably fomiing separate layers. 

9. A shell-and-tube reactor as claimed in any of claims 6. 7 or 8. wherein the length of the solid particle layer in each 
35 reaction tube is within ± 1 0%. preferably within ± 4%. of the mean value of the lengths of the particle layers in all 

of the reaction tubes. 

10. A shell-and-tube reactor as claimed in any of claims 6. 7 or 8. wherein the length of the solid particle layer in each 
reaction tube is within ± 1 0%. preferably within ± 4%. of the mean value of the lengths of the particle layers in all 

40 of the reaction tubes without the measuring means. 

11^ A shell-and-tube reactor as claimed in any one of claims 6 to 10. wherein the pressure drop on passing a gas 
* through each reaction tube is within ± 10%. preferably within ± 4%. of the mean value of the pressure drop on 
passing a gas through all of the reaction tubes. 

45 

12 A shell-and-tube reactor as claimed in any one of claims 6 to 10, wherein the pressure drop on passing a gas 
through each reaction tube is within ± 10%, preferably within ± 4%. of the mean value of the pressure drop on 
passing a gas through all of the reaction tubes without the measuring means. 

50 13. A shell-and-tube reactor comprising a plurality of reaction tubes filled with solid particles, at least one reaction tube 
being provided with a measuring means, characterized In that the measuring means Is equipped with a stabilizer 
means, to prevent lateral movement of the measuring means within the reaction tube. 

14. A shell-and-tube reactor as claimed in claim 13, wherein the measuring means is housed within a protective tube 
55 placed inside the reaction tube, and the protective tube is equipped with the stabilizer means. 

15. A shell-and-tube reactor as claimed in claim 14. wherein at least one end of the protective tube is serrated or slit. 
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16. A shell-and'tube reactor as claimed in any of clalnns 13, 14 or 15, wherein the stablizer means comprises a wire 
or fins. 
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FIG. I 
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FIG.3A 
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